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ABSTRACT

This material includes studept guide sheets,
reference matervial, and tap= script for the audio=tutorial unit on
Hydrosystems. A set of 3%5mn slides and sndio tape are used with the
materials. The materjal 1s designed for use with Connecticut schools,
but can be adapted to other localitiss. This unit is designed to

present information on water and the hydrosystem which must be
considered in land uze daclglan naking. Emphasized are the hydrologic
cycle, ground water, shed arsas, and the effects of human use on

the hydrosysten. (RH)
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G CETYES

WHEH THE WELE RIHS DRY,
YEOWTIL KNOW THE WORTH 0F WAT,
-~ Ben Franklin

system that maintains our water has in our ldives., Thio unit io desianad to nresent
information on water and the hydrasystem which vost be considernd in Tand use deci -
sion making, Mare soecifically, at the corclusion of this unit on hydrosystems, vou
shauld be able to:

i, Desoribe the hydralogic cyele,

[dentify sections of the hydrelogic cyele that have socn nan's interven-
fion.

3. Nescribe the importance of Lthe ground water systor and identify the com-
nonents af thig svstom,

4, ldentify watersheo areas and siate their importance.

I

Comnare and contrast wetlands and flood plains and di-cuss their innortanse
in the hvdrolocic cycle,

., Reconnize the imnortance and value of flood nlains.

7. Srecify limitation arnd assumptions about the locations of wells in aquifers,
in glacial til!, in badrock, near coastlines or near a sanitary landfill.

8. Describe the syctem of water cuality standards in few Enaland.

9. lecognize and cite evidence wi<h regard to concern for erosion and subsc-
auent sedimentation depogsition in boiies of water,

10, Nescribe the limitations that the hydrosystem nlaces on the Tocation of
sentic tank systems,

11. DNiscuss critically the effects of urbanization on the hydrosystem.

12. Identify the considerations that the hydrosystem imposes on land us de-
cision making.

As vyou nroceed throuah this unit, reel free to ston the recorder and study
quide sheets that reauire addition time for analysis and interpnretation. We know
that you will find information in this unit to be of areat value in understandina
the importance of the hydrosysten.

BE A RICYCLER YPUPSLLF. VRITE YOUR COMTHTS, HOTCS, ANR ANSHIRS A1 SCPADR 2APCR
[NSTEAD OF THESE GUILL SHEETS. IM THIS WAY, THESE GHIDE SHEETS WILL RE AVAILABLE FOR
THE NEXT PERSON IN YOUR COMMUNITY WHO WILL GE MAKING MSE OF THIS UNIT.
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Anturn to the narrative after studving this quideshest.  Turn the tape recorder on.
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GHTE SHEET 4
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Ground water cannot remain static as long as the water table is higher at one
nplace than another. Diffarence in elevation of the water table at twn points con-
stitutes a hydraulic head. The path of movement of the qround water will be from
higher nnints to lower noints on the water tahle,

Gravity is responsible for the movement of ground water horizontally as well
as verticaliy. Ground water tends to flow downhill, ultimately emeryging at the
surface in a stream, wetlard, snring, or other surface water body. Bacause of the
weight of the water uphill (A) (the hydraulic head) and the relatively impermeable
bedrock below (B), the flow of the ground water will form a curved path upward to-
ward the surface (much as water can move unward in a pipe under pressure from a head
above) where it is discharged into surface waters (C). Therefore, the water table
is qenerally farther bencath the surface in upiand areas under hills and closer to
the surface in lowlands and valleys.

Source: Lavine, et. al. Cvaluation of Inlard Wetland and Water Course Functions
The Connecticut Inland Wetlands Project

Source of Illustration: Cervione, et. al. Water Resources Inventory of Connecti-

cut, Part 6, Upper Housatonic R1ver Basin
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GUIDE SHETT 4

WATER SHEDS
PRATNAGE BAS NS

Cey THEEATION PHECIITATION jﬁgfff‘ﬁurfaﬁé water divide
T -
‘ \.' o g
. Ny ST Ay
; N TR L Tributary
o BRI
fw‘; B ; Snring head

ruraff
Intarftow SED‘HENT”l
Rass flow YIELD

ey R

Main channel

A view of a drainage basin denicting the way in which drainage basin character-
istics (form) influence the transformation of input (nrecinitation-Tosses) into
output of runoff and sediment yield. The dynamic nature of the drainane network

is incornorated hy representing perennial (solid), intermittent (dashed), and

ephemeral (dotted) streams.
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WIDE SHEET # 10

, VALLEY  SIDESLOPES

FLOODPLAIN

va

TYPICAL VAL LEY SEGMENT

FLODDPLAIN CHANNEL  FLOODPLAIN

WATER BSUIRFACE WATER SURFACE
. BANKFULL STAGE

3 m*’%‘-‘ CHANNEL BOTTON
THERICAL VALLEY SECTION
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GUIDE SHEET #11

A. GLACIAL TILL - In glacial till deposits , nar-
ticles of different size, from clay to gravel
and boulders, are mixed and often compacted
together with smaller particles effectively
filling much of the space between the larger
particles. Ti11 deposits hold Timited a-
mounts of water and generally transmit jt
slowly,

B. BEDROCK - Movement of water through bedrock
occurs mostly throuah cracks called frac-
tures. HWater movement may be ranid through
individual cracks but the total storage and
the overall movement is 1imited.

C. STRATIFIED DRIFT - Stratified drift consists
of materials (silt, clay, sand, and qravel)
which have been denosited by moving water.
These have been deposited in overlaoping lay-
ers and within each layer materials of simi-
lar size and weioht will be found tcgether,
because water will tend to carry finer ma-
terials (silt and clay) a longer distance
than larger ones. The characteristics of S )
stratified drift depend entirely on the type of material precipitated. Fine
grain devosits of silt and clay left in the qlactal lates and areas nf nonded
water may hold considerable water but their ab4lity to tramsmit water is low.
Coarse arained deposits of sand and gravel, demosited by flowing waters, have
both a high porosity and a qood ability to let water flow through. These de-
nosits provide for th: greatest storage and mowement of qround water, and are
the most important aquifers in Conne~ticut.

D. FACTORS AFFECTING WATER FLOW - A SUMMARY

Slone

Shape 7

Geologic denosits - qlacial til1
(holding and transmittina) stratified dri 4t

bedrock

After you have comnleted studying this quide sheet . return to the narrative. Turn
the tape recorder on,
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GUIDE SHEET #12
HOW MUCH WATER DOES YOUR HOUSEHOLD CONSUME?

WATER UTILITY STUDIES HAVE REPORTED THE AVERAGE CONSUMPTION OF WATER IN HOU SEHOLDS AS RECORDED

I

A

L

o BBy < I O %

1 THE TABLE BELOW:

ACTIVITY WATER CONSUMPTI ON
Flushiiog toilet 4 qal/flush

Shower 30 aal/shower or 7 gal/min
Bathtub 40 aal/bath
Washina machine 40 gal/load ,
Mshwasher 40 gal/load or sinkful

rinking 1 oal/day

Food preparation and

housing maintenance 100 qal/day

Washing face in sink 1-2 nal
Watering lawn 10 gal/min

NSWER THE FOLLOWING QUESTIONS AND DERFORM THE SIMPLE CALCULATIONS REQUIRED TO ESTIMATE THE WATER

CUNSLPPTION OF YOUR HOUSEHOLD.

How many people in your family?

How many showers per week do you take?

Hre =3nv haths ner week do you take?

On the averane, how many times oer day do yﬁu “Flush the toilet?

In the surmer, how many hours ner week does your family water its lawn?

How many washing machine loads are necessary for washina dirty clothes in your family in one
wonk?

n the averace, how many times is the dishwasher rum a day or how many times ave dishes washed
by hand each day?

Hater consumntion from showers in nallons per week

e X e X 30 aal/shower = gal/week consumed in shownrs
{answer to 0 # 1) Tanswer to G 7 2) -

Yater consumntion from baths in aallons /wesk

X 40 eal/bath = gal/week consumed in baths

X e
(answer to 4 # 1§ Tanswer to (] 2 3)
). Water consumntion from flushing toilets in 9allons /week

XX 7 days/week X 4 aal/flush = __ aalfuweek consumed in
(answer to 0 4 1) (answer ta 3 7 4 " flushina the toilet

11. Water consumntion from washing clothes in qallons/veek

X 40 aal/load = __ qgal/week consured in washino clothes

{answer to § 7 8)

lz. Mater consumntion from dishwiashing in qalloms/week

1

1

1

1

X 40 dal/load or sinkfull X 7 days/week = _____pal/veek consumed in

(ansver to T 7 7) " dishwashina
3. Yater consumption from waterino Tawn inm qallons/week

X A0 min/hr X 1M gal/min = __ aal/week consured fn watering lawns

{answar to D ¥ 5)
4. Water consumption in bathroom sink (assumina voi: wash hand and face three tircs/day)

X 3 times/day X 7 days/week ¥ 1.5 nal/facial and handwash = aal /week
(answer to O ¢ 1) in bathroom sink

5. Water consumntion from food mreparation and housing maintenance (for average family of §)
171 qal/day ¥ 7 days/week = 700 gal/week

f. Total water consumntion per week

+ & + + + # total

ans. 1) #8 ans, 0§ 49 ans. N 413 ans. 1 911 ans. 1 #17% ans. 0 713 ans, 0 #14 ans. Q #15 dfllanslweek

7. Tatal water consumntion per year,

X 52 weeks/year = total gallons water/year

{answer to  # 16)

*Noctors advise drinking B glasses of fluids per day tav@ainiain health,
10



GUIDE SHEET #13

WELLS AND GROUND WATER

Ai

B o Washorging wai
¥ & Ducharging we
Ground aurfacs S — - ~d F T T

[— g e e st A N Ground surface 4 -
T P R T TR [ e P TS T P ol
e N T Ak Ui e S N S 7 .

_;mln: wglir Il\fil

Pumging water 1aval -

Pumpifg water vl

/ Aquitar ff’fg
Cone of
Penression e - 1 S
E. AREA REQUIRED TO FURNISH RECHARGE OF GIVEN QUANTITIES OF GROUND WATE™
Quantity of Water Recharge Area Radius of circle of
equivalent area
Ha/n oM . o R i T
0,2 140 n,26 1500
0.4 280 0,52 210n
0.6 420 0,78 2600
1.8 560 1.05 3100
1.0 690 1.% 3400
MG - ti1lion Gallons 0 - Day G - Gallons M = Minute

Finures computed om basis of the natural recharge rate 16 in./vyr.

Source: The Environmental Imnact of Ground Water Use on Cape Cod by Arthur N, Strahler

WELL e W}ATEE TABLE

- =

. CONE OF
. DEPRESHION

FRESH GROUND
WATER :

ERIC



GUIDE SHEET #£14

Disastrous flooding once in 50 years

NS S S S L N S S MMR%@._&W

a2 2¥ chance in any nne year

Major flooding once in 10 years

ds,s*he&gsgl—ag&,#ﬁ WM&;‘#’MM

uE - a 10% chance in any one year

—,_ _ Overtop the banks once in 2 years
a 50? chance in any one year

aﬁ\‘ﬁ-—-—s Banikful or higher tw1ce

i M
a year

90 days each year

From historical records of rainfall (and snowmelt) and from actual floods,
hydrologists can compute the probability of a flood of a certain magnitude.
Larger floods are less freauent than smaller ones. Floods can be described in
terms of their frequency over an extended period, or the probability of their
occurrence during any one year. A 100-year flood is one which will occur, on
the average, once every 100 years or which has one chance in 100 of occurring
in any sinqle year. Ther oreferable termis "one percent flood" as a 100-year
flood can recur by chance more often than once in a 10N-year period.

Source: Evaluation of Inland Wetland and Water Course Functions, The Connecti:ut
InTand WetTands Project, Lavine, et.al.

17




GUIDE SHEET #15

EFFECTS OF URBANIZATION ON RUNOFF RATE

ai:;
aq
o
) L,F__g’fifh:‘l_c'iﬂi time
D= | |
S o4
[ER=3 I 1
; 3 == | f .
~ET F‘: \——Hydrograph
-0 . of streamflow
oo 1A :
—Ca s ;
- L SA S _
o o S ——~Center of mass
o [ LAc—Lenter of mass
Eoo T of runoff
ol —and of rainfal’
[= = e gAr AN N
) (AT Rainfall

TIME, IN QDURS e

The change in flow rate at any point on a channel can ke shown by a hydroaraph
such as the one above. The qraph plots the rate of flow or discharge in cfs (cubic
feet per second) against units of time. The shabe of this curve will vary with
steep slopes, imoervious soils, and a pear or funnel shaped basin will lead to a
sharner rise and fall in water level as well as a higher peak than flow from a
basin with aentle slopes, porous soils, many wetlands and Tona narrow shape. The
flow rate is also affected by man's use of the land.

@ b \Lag time
, - : ! after urbanization
A’ g}!g [24] I
£ 0w
,— ECHENE
- : AN - Original
cv I' \="
s a—= = ] 1]
a8 AN
= 2% | 1/ /1 \ \_-After urbanization
© o . 1 ,
Y“ oL o ]
= ; N
L= |/ N
25 /7 X

TIME, IN HOURS memer

Lag time (the time between the storm and neak runoff) may be materially altered
by the effects of urbanization in a watershed. Water runs off faster from streets
and roofs than from natural vegetated areas. This tends to decrease the lag time.
The construction of artificial channels, esnecially storm sewers, also decreases laa
time. As the time required for a given amount of water to run off shortens, the peak
rate of runoff (flood peak) increase.

A study by Dr. Luna B. Leopold, a hydrologist with the U.S. Geological Survey,
indicated that if 50% of a basin area is made imoervious through develooment, and
50” is sewered, a given flood will be 2.7 times more severe and will occur almost
four times as often,

Turn the recorder on after you have read this guide sheet.

Hydroloay for Urban Land Planning: A Guidehook on the Hydrologic Effects

Source: 00y d_Flann u1 e Al ARl
of Land Use by Dr. Luna B. Leopole. Geological Survey Circular # 564,




GUIDE SHEET # 1f

FEFECT OF NEVELNPMENT Nil THE CAPACITY OF A FLOND PLAT TN ABSORS FLONDS

-NO _FILL - NORMAL -

GRC‘JUND WATEE

N *f“Ti7 T

Y, MPERMEABLE | LAVER /| | §
;Jﬁ Y C;4L§;j A, River or stream within channe1
T T —— 2 £ 1 1LY -

GRQUMD MMTEE

IMPE RMEABLE LAYER? TY ’j 7 N S e e

T, After extensive rainfall, the river channel ﬁVFTfTDWS; The flood nlain fills with water
sprv1nn 1ts Funtt1an as nverF?nu has1n

&7“(73*/ / 7 f s
[/

(;EC)UNDWATEE ' R

A/\j f@%%ﬁ J /3,4 S T

A< . A stru€ture has heen built on F111 in the f1aud nlain,

’ \\\\\\\\\\\\\\\\\

. FII,_,L ~ F;QQDﬂ ﬁw
. ,‘g‘."l- jl!—ii- 2 | |

7 b .p- I E, J T

CEC}UNE} WATEE '

,J/L/nMFEEMEAELEBgAYER7 / A A Ry
D. In a similar flood to B., the water overflows the banks floodina the structure in the flood
Q@ lain. The fi1l has reduced the volume cf water the flood nlain can hold. Therefore, the
Alz\ﬂ:1nh mark in D is several feet higher. 1y




AHINE SHET # 17

LESISLATION DESIANID TO PPpyvENT ELOOD DAMAGE

A, STREAM CHANNEL ENCPNACHMENT LINES

JEP has the authority (Sec. 25-da-0 as amended) to establish lines alonq any waterway or flood-
proae area, lines beyend which, in the directicn of the flood-nrone area, no obstrustion or encroach-
ment shall be placed unless authorized bv the NEP Commissioner. Authorization §s rranted only after
a thorough review of the effects of a prooosed encroachment on flood heiahts, flood storade and canac-
ity, "azards to 1ife and pronertv and the natural resources of the state of Conmecticut. The nurpose
of these Tines is to insure oresarvation of a reasonable flood channel for the massaae of future floods
to minimize future flood damades, and to nrotect the riverine ecosystem,

fr. FLOOD PLAIN ZONING

Flood nlain zonina is entirely under local jurisdiction. Municinalities may, under the:  ~ n-
inn powers, adont flood nlain zonina ordinances as a valid exercise of nolice power. (Sme. - .<h
{zoninn) renulations shall be made in accordance wi%h a comprehensive nlan and shall be da- -

Tessen conqestion in the streets: to secure safety from fire, nanir, fleod and other dangers

Though the extent of requlation of activities falls in the aqrey area between palice power and f
takino actually, many activities are compatible with resnonsible flond nlain land use - aaricultura,
rolf course, sanctuaries, wildlife habitat, forestry, recreation. ooen snace in housing or ins*itu-
tional complexes, narks, marinas, water related or usina industry. Flood nlain zoning need not be
a complete restriction on all uses, merely a careful consideration of compatible uses.

. FLOOD THSURANCE: NEW INCENTIVE FOR WISE LAND USE

Last December Conaress amended the National Flood Insurance Act of 1968, adding pravisions to
the 'lational Flood Insurance Law which will have qreat effect on land use in flood-nrone areas.
The law qoes further than any in the past to encouracs flood nlain land nreservation and non-struc-
tural solutions te fleading nroblems.

Any building or nroperty owner can purchase the insurance once hisrcammuﬂitv has been desia-
nated elinible by the 1).S. Nerartment of Housina and Urban Develonment (HID) as having flood-nrona
arras. The community must also create and enforce land use renulations to reduce or avoid future

flood loss. Tn this requirement Ties the real Yand use siqnificance of the new law,

n. UNNSTRICTURAL. TECHNINUES ENR FLNOD *AMAGEMENT
[. TCCHRIQUES TO LESSEN THE IP'ALT OF FLOND DAMAGES
A, Fleed Insurance E. Emeraency Pelief
. Flood Foracastina and “arninn
1. Subsidized
2. Comnulsory

[1. TECHAIOUES TO MODIFY SUSCEPTIPILITY TO FLAADING

A, Acaquisition C. Urban Nenewal and Nedevelopment

- N. Flood Proofing

1. Comnlete E. Control of 11tiTitv Locations

2. Partial F. Cluster Zoning and Planned !'nit Davelonment
o 5. TTeod Plain Zonina
£. Evacuation H, Wetland Protection Laws

. I, Comnensable Reaulatinns
1. Permanent J. Buildinag Codes
2, Emerqgency K. Subdivision Requlations

L. Encroachment Linas
111, TLGHHIQUES TN PROVIDF [NEFNTIVES T0 IMPLEMENT NONISTRUCTIIFAL TECHNIONES

Cost Sharing

Subsidins

Tax Adjustments

Snecial Hazard Assessments

Nensity Transfer /
Internalization of Cnsts

2 IR B B e -

Souran- iiﬁﬁﬂﬁft to The Mew Ennland Piver Rasins Commiss‘on on !nnstructural Heasures for Flood
Q Plain and FToad Namaae ‘ananement by Chenev, M 1Ter, ETTis & Associates  Tnc— )

ERIC |
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GUIDE SHEET # 12

WATER QUALITY STANDARD

The water classification system described below was adopted by the New England
Interstate Water Pollution Control Compact. The system reconciles the conflict of
water uses by assignment of use classifications based on reasonable physical, chemi-
cal and bacteriological standards. Each state prepares classifications of its waters
according to present condition and pronosed highest use.

CLASS A - Suitable for any water use especially drinking water. Character uniformly
excellent, MNo measurable quantity of oil, grease, solids, sludge, color, tur-
bidity, toxic sustance, phenols, acids or alkali allowed. Coliform bacteria must
be within 1limits approved by State's Department of Health for uses involved.

CLASS B - Suitable for bathing and recreation, irrigation and agricultural uses;
qood fish habitat; good aesthetic value. Accentahle for nublic water supbly
with filtration and disinfection. Similar to Class A except some 0il, grease,
color and turbidity allowed. Bacterial content of bathing waters sha11 meet
limits apnroved by State Department of Health and acceptability will depend
nn sanitary survey.

CLASS C - Suitable for recreational boating, irrigation of crops not used for con-
sumntion without cookina; habitat for wildlife and common food and game fish
indigenous to the region: industrial cooling and most industrial process uses.
Similar to Class A except areater quantities of 0il and grease allowed a3 well
as some notentially toxic chemicals but not in toxic concentrations.

CLASS D - Suitable for transnortation of sewaqe and industrial wastes without nui-

sance, and for power, navigation and certain industrial uses. A1l of the things
not allowed in Class A waters are acceptable in Class D waters except chemicals
are not nresent in toxic concentrations and free acid or alkali can be nresent.




QUALITY NF HATER CHANGES AS IT MOVES THROURH THE HYDROLAGIC SYSTEM
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SOURCE AND SIGNIFICANCE OF SOME OF THE CHEMIGAL CONSTITUENTS IN

GUIDE SHEET # 20

AND PHYSICAL PROP-

ERTIES OF, WATER It THC UPPLR HOUSATGHIC RIVER BASE

Chamical constitusnt

Sourge and concentration

__Significanc

m limit of tolerance

ar physical property

SiTica (5i0,)

lran (Fe)

Hanganzsa [Hn)

Calcium (Ca)
and 7
magresiun (Mg)

Sodium (Ma)
and
potassium (K)

8icarbonate (HCD3)

suifate (50,)

thioride (C1)

Mitrate (‘553)

prasphate (POL)

Source:

Dissolved from practically all rocks and solls.
Usually found [n Eha basin in small amounts
ranging frem | to 25 mg/)l. Surface water usually
has a smallar concantration than ground water.

Dissolved from many minsrals that contain

axlde, sul fide, and carbonats aof iron.

Decaying vegatation and iron objects In contact
with water, Sewages, and industrial waste are also
major sourges. Surface water in the basin in Tes
natural staté usually has less than 0.5 mg/l.
Ground watar generslly has higher concentrations
than surface water.

Dissolved from many rocks and soils. Often found
associated with iron in natural waters but rot as
common as Jron.  Surface water in the basin

usually has lsas than 0.1 mg/l. Ground water gen=
erally has higher concentrations than surface watar,

Dissolved primarily from carbonate rocks. Ground
watar In the carborate rocks of the basin may con=
tain as mech as 100 ma/1 calcium and 40 mg/] mag-
nesium. Surface water normally contains lower
concantrations than ground water.

Dissolved from practically all rocks and soils.
Sewage, indystrial wastas, and road salt are alse
major sources. HMost home water softeners replace
soluble hardness-producing minarals with sodium
and thus ingresss the amount of sedium present.

Resul ts from chemical action of carbon dioxide in
witar on calcite and cale-silicate minerals,
Decaying vegetation, sewage. and industrial wastes
are also (MPartant S0uUrces.

Dissalved from rocks and solls containing sulfur
campounds, espezially Tron sulfide; also from
sul fur comaounds dissalved in pracipitation,
sewage and Industrial wastas.

small amounts dissolved from rocks and solls.
Larger amgunt§ are derived from anlmal wastes,
sewige, road salt, Industrial wastes, and sea
water. Chloride concentration of natural
water in the basin seldon exceads 10 mg/l.

Sewage, industrial wastes fertilizers, and decay-
ing vegetation are major ssurces. HMinor spurces
are precipitation ond decaying arganic matter,

Major snurces are fercilizers, domestic sewdge.
and detergents, Minor sources are minerals such
as apatite, Concentrations in natural streams
are geaerally low; in larner streams they occa-
siomally ezceed 1.0 na/l. .

Water Resources Inventory of Connecticut, Part 6,

" Forms hard secale in boilers, water heaters, and

pipas. deterioration of zeolite-type
water softeners. The USPHS {U.5. Public Health
Service) has rot recommended a maximum limit for
drinking water.

On exposufs to air, iron in ground water oxidizes
to & reddish-brown precipitate. HMore than shout
0.3 mg/l iron stains laundry and utensils,

causes unpleasant edors, 4nd favors growth of
iron bacteria. Iron in water is objectionable
for food and textile processing. Most irop-
baaring waters when treated by aeration and fil=
tration are satisfactory for domestic use. The
USPHS recommends a maximum limit of 0.3 mg/1 for
drinking water.

Hore than 0-2 mg/ | precipitatas upon oxidation.
Mangarese has the same undesirable characteristics
as lrom but is more difficult to remove. The USPHS
Fecommends a maximum limit of 0.05 ma/1 for drink=
ing water.

Hardness and scale-forming properties of water are
caused by dissel bicarbonates and sulfates of
these elements (see hardness). These are objection-
ahle for &lectroplating, tanning, dyasing, and tex-
tile processing. They also cause scale formation in
steam bollers, water heatars, and pipes. The USPHS
has not recommended a maximum limit for drinking
willer.,

Since the concentration of potassium 1 usually low,
zodium and potaszium are often calculated rogether
and reported as sodium, Quantities found in the
rFepart area have little effect upon the useful-
nass of water for most purposes; hovevar, mare

than 50 mg/| may cavsa foaming of steam

builers. The USPHS has nat recommended a maximum
timit for drinking water, however, the Connecticut
State Department of Health suggests a maximun limit
af 20 mg/1 for municipal water supplies.

Bicarbonates of calcium and magnesium cause hardnass
and form scale in boilers and pipes, and release
corrosive carboan diaxide gas (see hardness). Vater
of low mineral content and low bicarhonate content
in propartion to carben dioxide |5 acidic and can be
corrosive. The USPHS has not recommended a maximun
limit for drinking water.

Sulfates of caleium and magnesium foarm permanent
hardness and hard scale in boilers and hot water
pipes. The USTHS recoesmends a maximum limit of 250
mg/l for drinking watar,

Large amounts of chleride in combination with calcium
will result in a corrosive salutian and in combina-
tion with sodium will give a salty taste. The USPHS
recommends 3 mazirum Vimit of 250 mg/1 for drinking
water,

Small amounts of nitrate have no effect on usetslness
of water. A concentration greater than 10 o/l -ener=
ally indigates pallution. Nitrate encourages grosmth
of algae and other organisms which produce undesirable
tastes and odars. The USPHS recommends a raximum
Timit of 45 my/1 for drinking water,which s equivalent
to 10 mgr 1 of nitrate expressed as § in a sanitary ana-
lysis. Waters containing more than 45 Pa/l have
reportedly causcd methemnglobinemia,which is often
fatal to infants and, therefore, such woter should nol
be used in infant feading.

Essential nutrient for free floating aguatic vegetatien
such as algae, Excess phoasphate may éncourade alaal
Blowg and eause problems of ador, taste, and Aesthelics.
The USPHS has nst reeommended a saximum limit for drirk=
ing water.

, Unper Housatonic

Piver Basin by Michael A. Cervione, Jr., et al.
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solved solids

SOURCE ANND SIGNIFIC

constituent
i

and specific
conduct=nce

Hardness {as Caiﬂi)

Calar

Temperatire

Turhidity

Hydréqen ian

(pH)

O
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GUIDE SHEET #

constituen
and 5ﬂlls,
in sfway And

Inzludes all mineral
arecipitation and from rocks
mented by mineral matter
trial wastes. Heasured o5 residus al
2t VRS'C emr ocaloulated
#{ individual eanstituents.
or the capacity of water to conduct
currert, 1% used as an index of tata
mineral content, In natical wateérs in the basin
around water usually has a larger dissolved-solids

¢ .rntent than surface water, Nearly all waters
tampled had & dissalved=-s0lids content substantially
Limit recommended by.the USPHS .

|ndu5'

S AT

an
1

dissalved

G loyy the

Primarily due to calcium and magnesium, and to a

lesser extent, dus to iron, manganese, aluminum, kacium,
dnd strontium.: There are two classes of hardness,
cartarste {temporary) Rardness and noncarbonate

(bermanent) hardness Carbonate hardness refers to
1he hargness balanced by eguivalenrs of carbonate and
bicarbonate ions; noncarbanate te the remalnder of the
hardness. In the basin, hardness ranqges widely.
Water from the carbonate bedrock and stratifled-

drift agquifers is hard to very hard. Host water

frem the noncarbonate bedrock aguiters is seft to
moderately hard.

Color In water may be of natural, mineral, or
vegatable arigln such as iron and manganese com
pounds, algas, weeds. and humus material. May
alsg be caused by imorganic or organic wastes from
industry. True color of water is considered to bs
only that attributable to substances in salutien
sfter the suspended material has besn rermoved,

Sources are natural aseration and photosynthesis by
aguatic vegatation. Concentrations vary malnly
with temperature and pressure and arec ezpressad as
a percentage of saturation. Surface waters fluctu-
ate widely in D.0. with biolugical activities; D.0.
declipes during the breskdmwn of waste material.
Concentrations in the basin ranged from 0 to 14O
percent saturation.

Temperature fluctuates widely in streams and
shallond wells foliowing seasonal climatic changes.
but wells at depths of 30 to 60 fegt remain with-
in 2 or 3 deqrees of mean anpual Air temoerature
{8°C to 11°C for the report area). Dispasal of
water used for cooling er industrial processing
causes local temperature abnormalities,

An optical property of water attributed to sus-
pended or colloidal matter which inhibits light
penetration. Hay be caused by micronrganisms or
algae; suspended mineral substances Including
Iron and manganese compounds, clay or silt, or
sawdyst, fibers, and other materials. Hay
result from natural processes of erosion or from
the addition of domestic sewage or wastes from
various industries, such as pulp and paper manuy-
facturing.

Water with a dowinance of acids, acld-generating
solts, and free carbon dioxide has a low pH. If
carbonates, bicArbonates, hydroxides, phosphates
and sl lfcates are dominant, the pH is high, The
ph of most natural waters ranges between 6 and 8,

-

4 20 (cont.)

AMNCE NF SOME NOF THE CHFMTCAL cOue
ERTIES OF, WATER IN THE UPPER HOUSATONIC RIVER BASIN (cont. )

STITULNTS I, AND PHYSICAL PROP-

Qiqni(iEAﬂcﬁ aﬁd mﬂ;imuﬁ limit af Ldlérancn

Waters Lgﬁ[g|n|nq mare than 1,000 mgf\ lssnlveﬁ
solids are unsuitable for many municigal and indestrial
puraeses,  The USPHS recommends a maximum lirit of

500 /| tor deieking waters A dissolved-solids content
= b i apprapinately esulvalr=t to 3 spmejiin
congduetancy of 900 micromhos at 25°C.

Hard water gonsumes: soap before lather will form and

des3sits soap curds on hathtubs. Water having a hard-
ness of more than 120 mg/1 is commonly softened for
domestic use. Hardness forms scale in boilers, water
heaters, radiators., and pl ,gaus:ng a decrease In
rate of heat transfer and restricted flow of water. |n
contrast, waler having a very low hardness may be
carrosive, The USPHS has not recommended a maximum
limit fnr drinking water. The U.5. Geolagical §urvgy
classification of hardness appears under ''Hardmess

in the section entitled "Quality of water in streams
and lakes,'

Water for domestic and some Industrial uses should be
free of perceptible coler: Color in water is objecs
tionable in food and beveragé processing and many many-
facturing processes, Results are usually expressed as
units nf color and not as mg/). The USPHS recommends a
maximam |imit of 15 units for drimking water.

The dissolved-ozygen content of water is an indicator of
its biochenical condition when méasure Fish and

ather desirable glean-water biota reguire consistently
high 0.0. levels. Standards for 0.0. levels in many of
the streams and lakes in the basin are given in ‘Water
Quality Standards for Coanscticut, 1§70."

Temperature affects the usefulness of water for many pur-
poses. For most uses, rspeclally eooling, water of uni=
formly lowm temperatures }s desired. A rize of a few
dearees in the temparature of a stream may limit lts
capacity tu support squatic life, Warm water will carry
less axyanen n salution than water at low temperatures,
and & worrosive waler will become mare corrusive with
increased temperaturess

\l‘ﬂl

xcessive turkidity |5 karmful of lethal to flsh snd othar
aguatic 1ife: &lsa It is very undesirable in water uséad

by most industries. especially In process water. Turbldicy
can mod|fy water tempasrature. Results are sxpressed in
standard units, mot mg/). The USPHS recormends a maximum
limit of & unles for drinking water.

A pH of 7.0 indicates neutral ity of a solutian, Values
higher than 7.0 denote alkaline characteristics; values
lower than 7.0 indicate acid characteristics, Acid
water and excassively alkaline water corrode metals.

The USPHS hay not recommended a maxlmum limit for drink=
inn witer.

Water Resources Inventory of Connecticut, Part 6, Unper Housatonic

e

Pwver Basin by Michael A, Cervione, Jr., et. al.
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Lnose soil of the dispgsal area facilitates infiltration of nrecinitation, while Tack of vegeta-

tion reduces evanotransniration.
mound 1% maintained,
water tahle mound,

noints on the water table.

Consequently, the recharne here is qreater than elsewhere and the
Leachate from the waste noves vertically down by aravity nercolation to the
Ground water movement is radially outward from the mound to Surrounding lower

As seen ahove, a sunnly viell with its cone of denression draws around water from the Surrounding

area,
leachate into the well, pollutine around water sunnly,

Q
ERIC Source:

Linkage between outward flow from the waste disnosal site and inward flow to the well can bring

The Environmental Immact of firound Hater lise on Cane Cod by Arthur N, Strahler
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GIIDE SHEET 7177
SIFTIC TANK SLWAGE DISPOSAL SYS1f*

If a builder does not have access to a nublic sewaqge disposal system, he Wi]] nrobably uti]ﬁzﬂ
an on-site sewage disposal system. This requires a septic tank and leaching f?e?d. The sewer line
from Lhe house will Tead to an underground septic tank in your yard. The septic tank acts as a set-
tlinn and dacnmnocition tank  Tha averflow from thic tank, flows to tha leachipn field, The leach-
inq field is a large area of trenches with draintile or perforated pipes. The trenches are usually
covered with <oil and planted with «arass so the the septic system is not visible.

After thie overflow sewage enters the Teachina field, the fluid Teaves the pipes and enters the
soil. While the sewaqe filters or “vercolates" throuah the soil, it is c¢leansed by sc}ﬂiﬂrﬁqanismg
and minerals, Fventually, a relatively clean liquid returns to the water table. Periodically,
solids must be physically removed from the septic tank.

f

Tmsrﬁoaf\u
 EVAPORATION
(EVAPOT RANSPIRATION)

1 t

FRODACT I ON

WELL ‘
PRETREATMENT A
SEPTIC DISTRIBUTION DISPOSAL:
TANK, BOY / TILE FIELD

- / PURIFICATION —
# /
e \
e 4 \
SOIL LAYERS f
N o
fg"sﬁi T 7"'5—2% e T ————

1. Permeability of the soil must be adequate.

2. Maximum water table level should be more than 18 inches below the tile field.
3. Slope of the land should be Tess than 15%.

4. The system should not be nplaced within 50 feet of a stream, pond, or lake.

There must be a minimum of four feet of material of acceptable percolation rate between rock
ledge and tha bottom of the leaching field trenches. 28




GUIDE SHELT # 22

CROSTON AND SEDIMENTATION

N HEGATIVE EFFCCTS OF SEDIMENT

buy and Ferquson (1970) list the following effects of excessive sedime.i:
loads, to which have been added some brief explanations:

1. Reduces the useful life of reservoirs (reservoirs are filled by sedi-
ment deposited in their still waters), ,

2. Resulis in increased denosits of alluvium (river-deposited scdimenc)
on developed properties subject to Flooding.

3. Inhibits the recreational value of water bodies (by increasing turhi-
dity -- cloudiness of the water a@d reducing visibility).

4. Increases damage to flood inundated structures (mud leaves a worse mess
than water alone).

5. Reduces dissolved oxygen in water bodies (see water quality section).
Organic sediments may have a high BOD. Inorganic and organic sediments
may carry added plant nutrients (particularly phosphorous) and release
them in water bodies causing eutrophication ---algal blooms, die-offs,
and consequent increased BOD. Turbidity may inhibit photosynthesis,
reducing input of oxygen to the waters.

6. Inhibits aquatic 1ife (through reduction of dissolved oxyaen, changes

in bottom characteristics, and actual physical irritation from high

sediment concentrations).

Increases harbor and channel shoaling. ,

Reduces storm sewer and drainage channel capacities (filling of chan-

nels with sediment can result in increased flooding).

9. Diminishes environment aesthetically.

v s JEN]

B. Erosion and sedimentation can be controlled effectively, and at reasonable
cost, if certain principles are followed in the use and treatment of land.
These princinles are:

1.
2.
3.
4.
5.

Using soils that are suited for development,
Reducing the velocity and controlling the flow of runoff,

Detaining runoff on the site to trap sediment, and
Releasing runoff safely to downstream areas.
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ENPASYSTEN CONSTUERSTION, I8 LAND DAL DECTS TN MAKING #

AL HIGH GROLNO WATTR LEVELS: When around water Tevels are close to the surface for more than a

i Have durd e e § i o i3 v cantde ¢ oun e R S asement floodint,
fow dave fdurine Uhe Voar, thern 5 a notential for sentic wvitem failurn and basement flom

¥, Protection: Wetland areas ars a valuable natural hahit?t “ﬁ? ",“tZY?ﬁP a:gé”f?idfl?gde
i % Vi1 CIVRA ALY Al bt Ve Y @ el i

aters mlur tiie ?g‘iuv‘i 'i%sgi'wim{;- Gf wa Ler wir 106 f: Lt . Y "
nreund water reeharge arsas, but rather nlaces whern dround water 19 discharged to tie
surface,

7. Peoulation: Poorlv and verv naorly drained soils are reaulated under Ihé;lﬂlﬁgd;ﬂ?tjfﬁﬁi
Water 175 (1972) As Amended), and mast activities affectina these

and_
ars

4% can occur onTv after a nermit has heen issued by a Tocal Inland Yetlands Aacncv, or
by the State Nemartwent of Dnvironmental Protection in towns where no 1@&51 anency ?a?,
been created, The general catenories of activities to be resulated are, "The dnﬁﬂﬁlt}nn.
fillinn nr removal nf material: the diver=ian ar abstruction af water flow, the or ction
of structures and other uses” which desnoil, nollute or eliminate wetlands and water
courses. Tha Inland Yetlande Peview Procedure apnlies in addition tv any other State or

1ic Health fode veaquirns that there be at loa:t 18 inches of

lacal raoulations. The Pub I g ,
nermeable material hetwean the bottom of a leachinn field trench and the maximum qrounc
witer Tovel, The code reauires 4 feet of nermeable material Letween the bottam level of
a sanitary landfill and the maximum qround watar level,

1. Hinh Costs: DNevelonment in areas with permanent hiah around water may require drainina,
dredaing,, ann Fi17 hefors a sentic system will Tunpciion nronerlyv,  Areas with seasonal
hiah around water may reouire curtain drains to divert nronnd water from the basement
and sentic sysium, A nrofeszional sanitary engineer should desirn the septic svstenms
installed in these areas.

1, P SLOPES: Areas with steen slones have potential oroblems with foundations, septic systens,

roads and erosion of surface materials. Unlike the nrevious factors, there is no definite slone
at which develonment is not feasible or is suddently more exmensive. In some arcas of the coun-
try, slones close to vertidal have been built on. In general, a slope of 15% or greater can be
used to differentiate between nroblem and nonnrablem areas. This standard is widely accented as
a quideline and is one which is easily manoed from the detailed soils data. In actuality, =lepes
of N - 8% should have no oroblems, slones of 8 - 157 may require snecial design considerations,
and slapes of 15% and over should oresent definite drainaae and septic system nroblews.

1. Protection: Areas on steep slooes have a serious notential for erosion. They are best
sufted for very low residential desnity and onen snace uses.

™

Requlation: The Public Health Code reauires snecial desian, such as serial distribution

trenches, in areas with steen slopes.

3. High Costs: Increased costs will occur for foundations, sentic systems, roads and utili-

tiec.

i

COMPACT GLACIAL TILL: Friable till areas oresent development nroblems because of the channa-
abiTity of the material aver short distances and its relatively noor nercolatien rate. Areas
with eomnact till have the added rnoblem of a slowly permeable material (hardman) which causes
septic system and drainage nroblems. Compact ti11 is thounht to have been formed where til]
deposits were deposited, overridden and comnressed by the nlacial ice. Although the soils data
only indicate where comnact till is oresent within 3 feet of the surface, this slowly nermeahle
material could be a orohlem if it is within 10 feet or so of the surface. Sites close to com-
nact till areas should he chocked to see 1f 1t is present within the 10 faot distance.

1. Requlation: Friable and comnact ti11 areas have been desianated as "areas of spacial

coneern” for whirh stricter requiations with resnect to sentic systems have been nro-
posed.

2. High Costs: Most til) aremas will require the laraest leachina fields spacified in the
PUBTIC Health Code. In addition, comnact ti11 areas may require excavation, fill and
curtain drains to prevent septic system and basement flooding nroblems.

intended to excTude nossible sources of nollution and retain a low develooment density. The quide-
Tine of ? acres per dwelling unit nrovides a hatter choiece of sentic system locations than a small-
er tot would allow. (Guidelines also exclude facilities such as public sewer: which would lead to
more intensive land uses,

D. WATER SUPPLY WATERSHED: State Health Nenartment requlations and quidelines for these areas are

1. Protection:  Strict Tand use contre’s and Tow densities are necessary to orotect the
quality of surface and around water.

2. Feoulation: Requlations of the State Departments of Health and Environmental Protection nro-

tect potentially haza=dous land uses in this area. Hiah density land uses and facilities,
Q
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HYORASYSTOM CONSTOFRATIONS TH LAND TS DICTSTON MAKTHG (cont,)

such as nuhlic sewers | which anuld tend to dincrease density are discouraned,

Gy

3. High Costs: A mintmum of 7 acres of land are requirsd for ecach residential unit,  This
P St 2 i ] i ” =

WD e ool s oo Auies Ul DU TUAUTE fant DUr Oweniing uni,

£, CXCESSIVELY DRAINED SOILS: These are areas of sand and qravel where water moves throuah the
=011 too ranidTy. In these areas, there 15 a hazard of nollution, because septic tank efflu-
rn® omay reach qround water without heina adequately filtersd oy venovated by the soil. Ac-
cordina to a recent study, nffluesnt is not properly treated unlass it is in the soil for teentv-
four hours before reaching around water. This is especially eritical in areas which arn noten-
tial water sunply sources.

1. Proteetion:  These arpas are the hest in terms of rereolatinon test requirements, Fut
hdye a potential for nolluting ground water. Detailad site evaluation and extra data
ind tests may he peeded bofore develapment 15 annraved,

7. kequlation: Pronosed chanaes in the Public Health Code would nlace stricter requiverents

on areas where maximum hiah around water is withi= 4 1/?7 foet af thr surface, bhut there
are no redqulations hased on the time it takes seotic tank effluent to reach ground water.

3. High Costs: There may Le time delavs ana more than the usual tasting and data natherinn
irad to nrove that qround water nollutian will not occur.

F. FLOOD PLAIN AREAS: These are level areas along streams and rivers which were creatod by the
deposition (F material by flood waters and are still subject to recurring floods. Commercial
or industrial use, and engineering solutions to vrevent damage tend to increase the potential
for flooding downstream. A moere accurate determination of areas subject to floodina can be

made from topoaranhic guadranqle mans. These FLOOD PRONE AREAS incluae areas which are 5 feet
or lass in elevation abuve rivers, streams, marshes and ponds.

1.

ction: These areas are useful for aariculture, open space, recreation and other
s not harmed by flooding. Thev serve as a natural "safety valve" and nrotect other
areas from being flooded,

2. Pequlation: Flood nlains contain alluvial soils (i.e., deposited by moving water) and
other 5677 types reaulated bv streambelt zoning or flood nlain zonina regulations.

Co Dikes, dams and fi1ling would be needed to nrotert residential, commercial

or industrial land uses from flood waters.

. LARGE VOLUME AQUIFERS: Many sand and aravel deposits are saturated with water and renresent

notential water sunoly sources.

1. Protection: Areas with 40 feet or more of saturatet sand and qrave] are community re-

sources which should not be develomed. These and adjacent but thinner saturated materials
should be orotected from contamination and opellution,

* This quide sheet is based heavily on Matural Factors Affecting The Use of Land hy Lawrence .
Johnson of the Connecticut Denartment of Community Affairs. Any errors in the preparation of
the auide sheet are solely those of ths aditors of this unit.

** Pratection: refers to an imoortart resource which should be kent from development and nossible

contamination so that it may be used at some future data.
Hequlation: refers to an area being affected by reaulations or auidelines of a state anency.

High Costs: refers to physical conditions, such as bedrock, which increase a develoner's
ennineering and construction costs.
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HORUS VORTH_KHOHING

ALLUVIUM, A geperal term for clay, 5118, sand, and gravel dene ited durinq‘\:n'm.’n‘.ﬂ:iv«:?y i*f?r‘;r;-nt
nqealanic time by a stream or othor hody of running water as a sorted ar semi-sortad sediment in
tho bed of a stream, floodplain, or delta: especially such a deposit of fine-grained tezture

(i1t or clay) dopes iiod during time of flood.

AQUIFLR A geolagic farmation, aroup of formations, or part of a formation that 15 water yielding,

especially a body of rock or sedirent that contains sufficient penmeable material to conduct
ground water and t9 vield economically sianificant quantities of ardund water to wells and snrinne

wacLer=oearing rorrmation.,

ARTESTAN AQUIT (CONFINED ANUIFER).  An aquifer bounded above and below by beds with a distinctly

Tower perme: y (a raduced cavaliility for transmitting fluids ) than that of the aquifer itself,
an aquifer containing confined ground water under hydrostatic pressure.

BASE FLOW. The fair-weather flow of streams, composed largely of ground-water ffluent.

BENROCK, The solid rock, commonlv called "ledage," that forms tae earth's crust, _In ;he report
area, Tt is 'eoally exnosed ab the surfaco hut rore comaonly 15 buried heneatl 1 Faw dache:

much as 200 faet of uncunsolidated denasits,

BICCHEMICAL OXYGE! DEIMD (890).  The quantity of oxygen utilized primarily in the biochemicai

oxication of oraanic mat<er in a sopecified time and at a svecified temperature. The time and
temperature are usually five days and 200C.

CHEMICAL OXYGEM DEMAND (£OD). The rmeasure of the readily oxidizable material in water which
provides an approximation of the minimum amount of organic and reducing material present.

CONCENTRATIGH. The welght of solute dissolved in a unit volum: of selution.

CUBIC FEE] PER SECOND_(CFS). A measure of discharqe; the amount of water passing a given point,
expressed as number of cubic feet in each second. One cubic foot per second is equal to the
discherge of a stream 1 foot wide and 1 foot deep flowing at.an average velocity of 1 foot per
cecond,

DIRECT RUIIOFF. Water that moves over the land surface directly to streams or lakes shortly after

rainfall or spowmelt.

DISCHARGE. The rate of flow of water from a oipe, an aquifer, a lake, or a drainags basin, in

terms of volu~e ner unit of time,

DRAINAGE BASIN. A reqion or area bounded nerioherally by a drainase divide and occuoied by a
ara7ﬁage system: specifically the whole area or entire tract of country that qathers water
originating as orecipitation and contributes it ultimately to a particular strezm channel or

system of channels, or to a lake reservoir, or other body of water,

DRAINAGE SYSTE™. A surface stream or a body of impounded surface water, together with all other
surface strearms and bodies of iwpounded surface vater that are tributary to it and by which a
region is drained. An artifical drainage system included also surface and subsurface conduits.

ENCROACHVENT LINES. (Channel encroachment lines) lines defining that vortion of the flood channel
including area wdjacent to the river hanks (located within the floodolain) which the Water and
Related Resources office of DEP determines should be reaulated (in accordarce with Statute) to
insure preservation of a reasonable flood channel for the passage uf future floods and to minimize
future flood damages. The Channel Encroachment Lines ars based on camuted desian discharge re-
ferred to as the Channe! Encroachrment Line Design Flood.

gyAPQjotgﬂ. The orocess, also called vaporization, by which a substance passes from the Tiquid
or solid state to the vapor state.

EVAPOTPANSPIRATION. Loss of water from a land area through transoication of plants and evaporation

from the soil. Also, the volure of water lost through evapotranspiration.

FLOOD.  Any relatively high streamflow overtapping the natural or artificial banks in any reach of
a stream,
FLOOD PLAIN. The lowland that borders a river, usually dry but subject to flooding when the stream

| The
overflows its hanks.

FRACTURz. A general term for any break in a rock whether or not it causes displacement, due to

mechanical failure by stress. Fracture inciudes « acks. joints and faults.

GROUND WATER, Mater beneath tha land surface that is under atmospheric or greater pressure -

the water that enters wells and issues frem springs. Water in the zone of saturation.
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GROUND-NATER RECHARGE . The nrocesses by which water i5 added to @ ground-water reserveoir.

GROUND-WATER RUNOFF, Ground wate that has discharged into stream channels by scepage from satur -

ated earth materials.

HARDNESS, OF WATFR. The property of water qenerally attributable to salts of tne alkaline earths.
Hardness has sodp-consuming and encrusting progerties anu is expressed as the concentration of
calcium carbonate (CaCDB) that would be required Lo produce the observed effect.

NIUKULUGLL LYCLE, Ihe constant circulation of water from the sea, through the atmosphere, ta the
Tand, and 1ts eventual return to the atmosphere by way of evaporation from the sea and ‘he land
surfaces,

HYDROLOGY. The science of the behavior of water in the atmosphere, on surface of Che earth, and

underqround.
INDUCED INFILTRATi?N. The process by which water infliltrates an aquifer from an adjacent surface-

water body 1n response to pumping.

INFILTRATION. The flow of a fluld into a substance through pores or small openings. 1hc common
use of the word is to denote the flow of water into soil material.

LEACHING. - The removal in solution of the more soluble minerals by percolating waters.
MINERAL CONTENT, 0OF IJATER. The dissolved inorganic. substances, most of which are derived from the

minerals in rocks. [t s generally assumed to be equivalent to the dissolved solids unless sub-
stantial amounts of nonvolatile organic substances are present.

" PERCHED GROYMD MATER. An isolated body of ground water separated from the underlving main body of

ground water by an unsaturated zone.

PERCHED WATER TABLE. The water table of a body of perched around water, occurs where a relatively
irpermeable layer {e.g., clay, compact til11, etc.) exists above the natural ground vater tahle
and this layer acts to impead water movement vertically, creating an evtificial zone of saturation.

PERCOLATION. Movement under hydrostatic oressure of water through interstices of rock or soil,

PERMEABILITY. The pronerty or cavacity of & porous rock sediment, or soil for transmitting a
fluid without impairment of the structure of the medium: it is a reasure of the relative ease of
fluid flow under unenual pressure; a function of the amound of void space and more imnortantly
their interconnection.

PESTICIDES. Chemical comoounds used for the control of undesirable plants, animals, or insects.
the term includes insecticides, herbicides, rodent poisons, nematode poisons, and fungicides.

POLLUTION. ‘'Harmful thermal effect or the contamination or rendering unclean or imoure of any
waters of the State by reason of any wastes or other material discharged or denosited therein by
any public or private sewer or otherwise so as directly or indirectly to come in contact with any
waters" (Connecticut General Assembly, Public Act No. 57, 1967).

POROSITY. The property of a rock or unconsolidated material of containing voids or open spaces:
Tt may be expressed quantitatively as the ratio of the volume of its open spaces to its total
volume.

PRECIPITATION. The ischarge of water, in liguid or solid state, out of the atmosphere, unon a

TEﬁE or water surface. The quantity of water that has been orecipitated (as rain, snow, hail,
sleet) measured as a liquid.

SATURATED THICKNESS. Tiickness of an zquifer below the water table.

SATURATED ZONE. The subsurface zone in which all open spaces are filled with water. The water
table is the upper 1imit of this zome and the water in it is under pressure greater than atmospheric.

SPECIFIC ColUDUCTANCE, OF WATER. F# weasure of the ability of water tn conduct an electric current,

expressed in microhms per centimeter at 259C. [t is related to the dissolved-solids content

and serves as an approximate measure thereof,

STRATIFIED ORIFT. Fluvioglacial drift consisting of sorted and layered material deposited by a
meltwater stream or settled from suspension in a body of quiet water adjoining the glacier.
Deposits of layered sands, gravels, silts, & clays.

TILL. Unsorted and unstratified drift, generally unconsolidated, deposited directly by and under-
neath a qlacier without subsequent reworking by water from the glacier, and consisting of a hetero-
9eneous mixture of clay, sand, gravel, and boulders varying widely in size and shape.

TRANSPIRATION. The process whereby plants release water in vapor form to the atmosphere,
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TURBLRLTY, OF_WATER,  The extont to which nenstration of 1ight is restrictoed by suspended sedimant,
micro-csani-ans| o othor insoluble paterial. Residual or “nermanent turbidity is that caused by

insol bl material that remaing in suspension after a long settling perlod.

WIFER (ATER-TARLE

iz JAER-TABLE AIFER).  One in which = > uoper surface of the saturated zone,
Te, 15 at atmasphe

ic pressure and is frue to rise and fall.

Loosa

UNSATUSATED 204E,
are not all filfed (rxcept temporarily) with water.

VATEL TASLE. The upper surface of the saturated zone.

WATER [OYIVALENTS. )

- T cubic foot per second (cfs)
cfs for 1 day, or 1 efs-day,
arre foot=226,000 gallans
cubic foot waighs 62.4 pounds

cubic foot=7 1/2 nallons

¢atlon=8,33 pounds

ton=240 gallons ) R

450 gallons per minute, o- 7 1/Z gallons per second
about 2 acre feet
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HYDROSYSTEMS BIBLIOGRAPHY

Hewlett, John D., and Vade L, Nutter. An Outline of Forest Hydrology. Athens, Ga., University
of Georgia Press. 1953, i o

This 1s a semi-technical introductory hydrology text intended for foresters,

but well suited to the interested lay person. A basic, but thorough explana-
tion of how water behaves in the natural system and haw the land affects it.

Hitl, David E., and Hugo F. Thomas, Use of Natural Resource Data in Land and Water Plan-
ning, Mew Haven, Ct., Bulletin #733 of the Connecticut Agricultural Experiment Sta-
tion, 1972,

An excellent semi-technic:l introduction te the title topic. Includes dis-
cussion of the significance of various natural resource factors to land use
and a description of the data sources available in Connecticut. A case study
demonstrates the planning process involved.

knaler, Jon A., and Thomis M. Lee. Regulations for Fllod Plains. Chicago, I11., Ameri-
can Soclety of Planning Officials Advisory Service Heport #277, 1972.

An exceptionally Tucid semi-technical explanation of floodplain delineation
and regulation, covering both hydrologic and legal considerations. A valu-
able aid for a community considering floodplain zoning or similar regulations.

Lavine, David and Charles Dauchy, Dorothy McCluskey, Liz Petry, and Sarah W. Richards.
Evaluation of Inland Hetland and Hater Course Functions. Durham, Ct., Connecticut

InTand Wetlands Project, 1975.

This is a comprehensive study of Inland Wetlands regulation in Connecticut.
It is a must for any citizen working on an Inland Wetland Commission. In-
cludes case studies as well as the rationale behind the law and regulations,
Highly recommended,

Other publications of the Comnecticut Inland Yetlands Project:

Administrative Handbook for Inland Wetland Agencies. As above.

Identifying Functions »f Inland Wetlands. As above,

Implementing Aids for Inland VWetlands and Watercourse Agencies. As above,

Mew York Water Resources Commission. An Atlas of Lona Island's Water Resources. New York
Hater Resources Commission and U.S. Geological Survey, Bulletin #62, 1068,

The first systematic approach to hydrology. These planners are beginning to
provide for one area a systems analysis of water and land use. This pub-
lication is semi-technieal.

not. firmly cemented or interlosted, for example, sand in contrast to sand-

) J04E. The zone between the water table any ithe land surface in which the open spaces
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HYDROSYSTENS RISLINGRAPYY (cont.)

e Cod. Orleans,

Ha., The Association (o¢ the

A layman's introduction to the hyvdrology of Cane Cod. Even though this
report was designed for one reaion the basie information applies to any
place in the country.
Desartment of Agriculture. Controlling Erosion on Construction Sites., HWashington, D.C.,

Agriculture Information Dulletin #347, 1970,

A layperson's introduction. Explains the consequences of erosion and means
of combatting it. .

Department of Agriculture, Eraswanrand Sadiment Control Handbook for Connecticut,
Storrs, Ct,, 5011 Conservation Service.

A technical handbook for the design of sediment and erosion control measuras
and structures, Helpful for the community that plans to require control meas -
uraes on construction projects. Also contains techniques to project potential
5011 Tloss from a construction site.

. Environmental Protection Agency. Processes, Procedures, and Methods ta Contiul

Pollution Resolting from all Construction Activity. uafhiﬁgtcn. D.C., Oifice
of Air and Water Programs.

A comprehensive semi-technical surmary. Non-scientific, in language, but
detailed and extensive. Excellent background for development of regulatory
policies. Raises many unanswered questions as well in this relatively new
field.

Environmantal Protection Agency. Toward Cleaner Water - The Mew Permit Program to
Caﬂtfpiﬂyatef Pollution., Washington, D.C.

A citizen information booklet on the Mational Pollutant Discharge Elimination
System (NPDES) under the Federal Water Pollution Control Act Ammendments of
1972. Explains the law and the permit system, including the roles of federal
state and local governaments and public citizens.

Geological Survey, A Primer on Water. A Primer on Ground Water. A Primer on Mater
Quality. Washington, D.C. Department of the Interior.

This series of booklets offers an excellent basic Tayperson's introduction
to the topics. They are practical booklets focussing on water and facters
affecting its use. They do not deal with land-use itself, but do discuss it
as related to water.

Geological Survey. Hydroloay for Urban Land Planning - A Guidebook on the Hydrologic

Effects of Urban Land Use. \lashington, U.C., Departrment of the Interior, Geological
Circular £554.

An excellent semi-technical summary of the title topic. Best as a follow up
for the primer series, or for someone with a basic background. Directly rele-
vant to land-use planning and decisions.

Geological Survey. Water in the Urban Environment. Washing.on, D.C. Geological
Circular #601 Series.

This series of semi-technical booklets covers & wide range of topics related
to water and urban or suburban developement. It provides a good follow up to
the primers and a complement to the Circular #554 as general background.

Geological Survey. CﬁD]G§1E and Hydrologic Maps for Land-Use Planning in the Connecti-
cut Valley. Washington, 0.C., Department of the Interior, Geological Survey Circular 7674,

An exp1anatian of the maps of natural resource data being daveloped by the
USGS's Conmnecticut Valley Urban Area Project. Has examples from the folio

of the Hartford North Quadrangle. Although their ava11ab111ty is still limited,
these maps display geologic and hydralogic information in a form directly usable
for land-use decisions and planning.

Geologic Survey in cooperation with the Connecticut Department of Environmental Protection.
Water Resources Inventory of Connecticut. Washingten, D.C.

This series of reports describes the water resources and hydrology of ten river
basin areas comprising Connecticut. The summary reports for each basin are semi-
technical and valuahle sources of information for the informed layperson. They
provide general exolanations of the basin's geology and hydrology and assess both
the needs and resourzes of the area. Even if your basin is not published, a neigh-
boring basin report may provide va1uabTe bacxnraund
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Aundio Tape Script -

HYDROSYSTEMS

i
i
Weleome to the Land Use Planning unit on Hydrosystems. Hydrology is a latin term for the

study of water, In this unit we will study water as it flows alang its natural course as well an

when {ts natural flow is altered by use of the Tand. Latore ﬂPGCEEHIHW’fdﬁLHEf;‘ﬁ?f”;ﬁig HETETI R
. Pause il

and read through the specific objectives which this unit designed to help you master. In this unit
we will examine the interchange of water's flow with human decisions about land use. In order to
appreciate the importance of these objectives, consider for a moment the many and varied ways you
use water. Your drink water and other liquids made from water. You wash and bathe with it,

Yater carries away domestic and industrial wastes. You may enjoy a variety of water based recre-

24
S,
P

ation i.e., swimming, boating, rafting, water skiing, etc. And, as on slide # 1, if you have
spent nights at the beach or sunsets by a fresh water lake you know that water is beautiful and
can be an aesthetic experience,

This unit is about how and whv our needs for enough good quality water are usually met by
nature and how proper land use deci.ions can preserve or enhance that natural supply.

The noted enviornmentalist, Barry Cammoner has stated in a simolified form the "laws” of

= L
b3
T

ecology. The first three are 1isted on top of Guide Sheet # 2.

1. Everything comes from somewhere.

2. Everything goes somewhere.

3. Eyerything is connected to-everything else.

If you think about these three simple statements in terms of water, they deseribe the flow
of water in a cycle. Water comes from rain clouds in the atmosphere. Rain falls upon plants,
the land, and streams. The water flows from the land to rivers, to lakes and finally to the
ocean. The water in the ocean eventually evaporates making clouds anew. The place wWater comes
from is the place it goes! Thus Commoner's 3rd Taw: everything is connected with everything
else - defines a cycle through which water flows. This is known to scientists as the hydrologic
cycle. This natural hydrologic cycle is our first object of study. Before we proceed to discuss

the hydrologic cycle in depth, turn off the recorder and familiarize yourself with Guide Sheet # 2.

4 LY
M
i

(Pause)

_Let’s follow the path of water as it moves along its cyclical path as the diagram at the
bottom of Guide Sheet # 2 illustrates. It starts as rain, as we mentioned earlier. A certain
amount of rainfall is "intercepted" by plant leaves and flowers. Some of this rain is absorbed
by the leaves and some of it evaporates. The remainder reaches the ground. There it begins to
soak into the soil. Gravity draws the water down through the spaces between the soil particles.
If the rainfall is too rapid not all the water may be able to filter through the sail. This rain-
fall is excess which runs off over the soil surface. Some of this surface runoff may be trapped
temporarily in small depressions on the ground surface, where it will later evaporate or infil-

trate the soil. The rest of the runoff will flow over the surface to drainageways and streams
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This initial surface runoff contributes to the high level of <treans follnwing heavy rains,  Some

of this streamflow may be stared temporarily in waterbodies or wetlands and then may be released
more slowly or evaporate later. The remainder of this streamflow continues its downstream travel
to the sea.
This flow of water just described is only one part of water's journey from rain, to water on
land, to water in the ocean. It is the flow of surface water also known as "overland flow". But
the rain that reaches the ground and then infiltrates the s0il takes a Tonger and slower, second
route to the acean. Bafore we find cut in detail about this second - the underground water -
route, turn off the recorder to look at a diagram of this second route on Guide Sheet # 3. (Pause) G.s.
Hater that entors the soil is first absorbed! in the wwaller pore spaces of the soil, This 3
occurs because of the attraction of water molecules for each other and for the soil particles.
This is the same force that makes a paper towel absorb water. It is called "capillary action".
The remainder of the water continues down through the larger pore spaces because of the force of
qravity. Even after rainfall has ceased, gravity continues to draw water down through the larger
spaces. In the smaller spaces, the water may be held against gravity by the capillary forces.
Much of this capillary water will be available to plants after water has drained from the larger
spaées and been replaced by air. Deeper in the ground is a zone in which all spaces in the under-
1ying rock, surface deposits, and soil, are filled with water. This is the zone of saturation.

The upper surface of the saturated zone is called the water table. The area above the water table

is called the zone of aeration or unsaturated zone. In the zone ol aeration the smaller pore
spaces have only their store of water from the infiltrating rainfall.

During the> -

C;gfcwing seasor, plants draw water from the soil and it evaporates from their leaves in a precess
called transpiration. The plants extract water from the small soil spaces, drying out the soil
above the capillary fringe. This drier so0il scaks up most of the season's rainfall before it
reaches the ground water to recharge it. If the water tahle is within reach, plants may also
draw directly from it or from the capillary fringe. A11 the time, the groundwater is being dis-
charged to surface water courses further downhill. These factors camb?na to lower the water table
during the growing season.

Then during the late fall, winter, and early spring, with no transpiration from the plants
and little evaporation from the soil, the soil pore spaces are refilled with water. Mow, more
snownelt or rainfall reaches the water table than is discharged to streams and wetlands and the
water table rises. Thus the water table fluctuates seasonally and even year to year, This is
particularly true in higher areas away from Streams.

Gravity pulls water down through the ground, perhaps past the zone of saturation uati] it

w

T LY

reaches the bedrock surface as is illustrated on Guide Sheet # 4. If the bedrock is below the

zone of saturation, the water tends to flow downhill, ultimately emerging at th‘rface in a
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atream, vetland, spring ar pond. O, the comtdnation of the weight of the water uphlT] and the

relatively impareable hedrock bedow may canse the gqround water Lo curve upward under the Tow-
Tands and to emerge as surface water.  his resewbles the [low af water in a carved pipe moving
upward under pressure from a fancet above.  Hater then flows in the stream, downhill, by this
pasier route, This whole orocess is called ground waler "discharga”. It is this discharne from

qground water that contributes witor to streams bhetspen the storms that provide direct surface
runoff. Stop the recorder to study Guide Sheet # 4 further, (Pause)

This ground water discharge, along with the surface water flow discussed parlier, combines
to form the overall flow of rain to the wcean. These two flows are not always the same in volume.
0F course pach flow varies with the frequency and occurence of rain or snovme |t

Tutn to slide # 2, ) i i )
One of the two important aspects nf the hyoroiogic eyele from the point of view of a land

ity of water avail-

use decision maker is the quality of water available in general and the q
as is indicated by slide #

able in a particular place at a particular time The second area of this unit's study covers
those natural and man-imade factors which control when, where, and how much water is available.
Another component of the availability of water is the natural and artificial pollutants connected
with any quantity of water. We will especially concentrate on how Tand use decisions can alter
the quantity and quality of water.

The absolute Yimit of water available to man is set by his natural sources of water:
rainfall and snowmelt. Everyone talk about the weather, but nobody can do much about it. As
we will see later, planning that relies on the wveather always involves a gamble.

Once water reaches the ground, the amount of water available is determined in large measure
by the characteristics of the drainage basin or watershed it falls into. As Guide Sheet 4 5 shows,
a watershed is the area of land that gathers surface runoff flow from precipitation and funnels it
ultimately to a particular stream channel, reservair, or other body of water. As the diagram shows,

a large drainage basin feeding a large stream can also be broken down into smaller sub-basins feed-

“ing smaller tributary streams. These boundaries of a watershed actually qovern the surface runoff

flow., Ground water movement may not follew them precisely. fGut for most practical purposes,
these surface drainage area boundaries or “divides" can be assumed to apply to ground vater, too.

Identification of a drainage basin's boundaries is important since the averall area determines
how much rain will be caught and fed into the system. In addition, the characteristics of the
tand within the basin determines where and how fast the water goes as are 1isted on Guide Sheet #5.
We will discuss these factors later in this unit.

Let's lank now at how watershed boundaries can be determined on a topagrachic mao as on fuide
Sheet # 6. If you're unfamiliar with ow to read a topographic map, you might want to try the map
reading unit for a more detailed exp® nation. Let's assume we are planning a reservoir at point A
and we want to know what area will contribute water ta it. Starting at our proposed dam, at point A

we draw a line uphill as close to nerpendicular to the topagraphic lines as possible, This line de-
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Fines the flow of water from higher to lawer eloyations.  We work up to the nearest hilltop at
point B From thero, we follow the highest ground from pitttap to hilltop until we come "full
eycle® to point A, The perimeter of the Tine ntlines the contours of the watershed for point Al
Painfall inside that peeimeter is our supply.

How, try another example yoursalf. Mark out the witorshed for a reservoir at point C on
the map. Turn of F the tape while you work, (Pause)

A topographic map can alse help you determine where small drainageways and intermittent
streams are, even if they're not actually shown in klue on a pormal topographic map, First, let's
loak at the stream near the letter U in quide sheet #6, Hiotiecre how the topograohic lines wm a series
of V's ar angles with the points pointing uphill as you follow the stream. This is a common feature
where a stream i% cutting into a slope, ereding a small valley.

Now, 1et's look at the land within a watershed and how it affects the movement of the water.

Slope is a first important characteristie of the land. On a topographic map a steeper slope is
shown by closer topagravhic lines. The steeper the slope, the faster direct surface runoff will
flow to the streams and the faster the streams themselves will flow, If this flow from several

smaller tributariass reaches the same point on a larger stream at roughly the same time, a sudden

4]

or "flash" flood can result as slide # 4 shows. These are dangerous and may cause property
damage or even death because they cannot be planned for. In the case of 1972 Hurricane Agnes
most of the 123 reported deaths occurred from flash flooding which occurred in the first 6 - 12
hours. Such catastrophe is less likely to happen if the slope of the watershed is flatter. Pun-
off from a given storm will then be spread out over a longer period of time. For several reasons
to be explained later, this results in less flooding. A

The shape of the drainage basin is a 2nd characteristic which can make a difference in sur-
face runoff flows. 1In a Jong narrow basin such as diagram A on Guide Sheet # 8 peak stream flows ?
from sub-basin 1 might reach the bridge Tong hefore those from sub-basin 2 which have a greater
distance to qo. Thus the flow of the surface runoff past the bridge is spread over a longer time
and the peak stream flow is lower and less dangerous. By contrast, diagram B shows a basin with
more of a funnel or pear shape. Here, the surface flow from the sub-basins will all reach the
outlet at about the same time, This concentration will cause a higher surface flow in a shorter
pericod of time. This increases the possibility of flooding.

The geology and type of soil of the watershed is a third important characteristic of a water-
shed which affects the amount of surface water available, Gén1ogy and sail type also affect the
flow of groundwater within the basin. This will be discussed further on.

Turn to Guide Sheet # 9. This diagram shows a typical example of the distribution of geo-
logic deposits in Connecticut. Upland arcas are generally compesed of glacial ti11 and bedrock
or ledqe, often with steeper slopes. These areas have a relatively Tow infiltration capacity.
Thus, much rainfall is apt to be left on the surface. Steep slones then speed the surface runoff
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to streams in the basin. Since infiltration is limited, these upland areas will contribute re-

latively Tittle per unit surface area to recharge groundwater. But since they cover a large
area in total, their total contribution is very significant.

Land in the lower valleys have a subsurface layer of fine clay soils in most instances.

The clay soils are too dense to allow for high filtration. Also, wetland areas where the ground-
water table is at the surface have no space left for infliltratio. But since lower valleys and
wetlands are relatively flat, the excess rainfall does not run off as rapidly as it does from
steeply sloping lands and may provide some additional opportunity for ground water recharge.

Sands and gravels may be found in valleys or as terraces along valley sides, Their coarse
texture, with lots of large pore space, permits rapid infiltration or rainwaters. This leaves
less to run off over the surface. Thus sand and grave) areas are the most effective groundwater
recharge areas.

Within a watershed, floodplains and wetlands are geological formations with their awn specif-

ic characteristics. These areas can serve as sponges which absorb sudden flows of surface water

and then release these water more slowly as the surface flow subsides. Turn to Guide Sheet # 10. # 10
Floodplains and wetlands are generally broad and flat as slide # 5 shows. They can store and 5. 4 ¢

then slowly pass 1argé volumes of water with 1ittle increase in their own water depth. A flood-
plain can thus be viewed as part of a river which the river occasionally uses.

Everything we have just considered about a watershed has involved the quantity of water a-
vaflable as surface run off or over land flow, But, as we now know, there is a second route rain
travels to the oceans, the groundwater flow. The topography and geology of the watershed will
affegt the flow and quality of groundwater in the basin., The key to groundwater flow is a geo=
logical formation called an aquifer. Aquifers are any geological formation that are capable of
readily holding and transmitting ground water. Good aquifers are important both as sources of
well water suoply and because their discharge helps sustain stream-flow during dry periods. This-
stream-flow that is fed by groundwater is called "base" flow, It is %mpﬂrtant in providing sur-
face water in streams and rivers for man's use and also in maintaining aquatic habitat and water
quality during the dry season. Aquifers differ as to how much water they hold and the rate at
which water can move through them. The amount of ground water held in a given volume of soil or
rock depends on the amount of pore space or fracture Space. The rate at which the water can
move through a deposit depends on the size and number of the individual pores and; most importantly,
on their interconnection,

The geologic formations and deposits containing ground water vary widely in their ability to

both store and transmit around water, Guide Sheet # 11 summarizes the water holding characteristics §ill

¥

of several common geologic formations. Turn off the recorder while you study Guide Sheet # 11.

Refer back to Guide Sheet # 9. It shows a generalized view of the location of these different

O
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geologic deposits. Let's consider, now how typography combines with gealogy to determine the

overall pattern of ground water flow. The till uplands hold a moderate amount of ground water
which moves slowly downhill emerging in streams or wetlands, or entering stratified drift deposits
in the valley areas, The stratified drift deposits may hold large amounts of water and may trans-
mit it relatively rapidly depending on what the deposits are made of. On Guide Sheet # 9, the

ti11 and bedrock unlands, stratified drift terrace, and flood plain of alluvium (river-deposited
s0iis) all serve as recharge areas, while the stream, pond, wetlands and river serve as discharge
areas.

This completes our view of the natural system affecting the quantity of water flow as both
surface water flow and ground vater flow. Guide Sheet # 11, Part B contains a summary of the
factors we discussed.

Let's now see how this natural pattern of water movement and storage interact with man's
activities. First we will consider how natural patterns affect man's ability to obtain drinking
water from the ground by wells. Second, we will consider the great problem of too much water at
one place at one time, This second topic is generally known as the problem of flooding,

When man plans for well water supplies, the yield he can expect will depend on the aquifer
he taps. For single-family homes, any aquifer will normally qive adequate production., In most
bedrock, the well must intercept a fracture system filled with water. In glacial "til1l1" you must
be sure that the water table does not go below the well in a dry season. Most peonle now drill
on through the ti11 into bedrock for a more reliable supply. By drilling far below the water
table, the well intercepts more fractures and the weight of water above helps to move water
through the fractures into the well.

For public water supply systems or industrial and commercial use, deep sand anﬁ gravel de-
posits are the best aquifers. In many cases, wells pumping an aquifer such as this, close to a
river, can lower the water table locally, enough that the normal discharge of ground water to the
river is reversad,

These stratified drift aquifers are alse exceptionally important in sustaining stream flow.
In general, the greater the percentage of a drainage basin covered with stratified drift, the
Tower the high flows and the the higher the low or "base" flows that are sustained by ground water.
Higher base flows mean more constant surface water supply, better aquatic habitat, and more water
to dilute whatever pollutants may enter the system or provide for man's industrial needs.

An essential aspect of land use decision making in relation to the hydrosystem is planning
to have amoly supply of fresh water and having adequate capacity to dispose of the waste water.
This is an extension of Barry Commoner's laws of ecology - A1l water most come from somewhere
and all water must go somewhere after use. Sound planning requires considering the requirements
for an adequate supply of fresh water and the requirements for an adequate capacity for sewage

disposal. Are you aware of how much water dan average house uses per day? (Pause) On Guide Sheet # 12,
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there 15 an activity that will help vou determine the water consumpntion of an average home. Stop
the recorder while you complete the activity.

Approximately 20% of the homes in Connecticut obtain their water supply from wells, In addi-
tion, several municipalities obtain their water from wells located in major aguifers.

When ground water is being withdrawn by pumping, the reduction of pressure surrounding the
point of intake causes the water table to be lowered, a phenomena called drawdown. As shown on
Guide Sheet # 13, drawdown causes the water table to develop a depression in the shape of an in=
verted cone known as the come of depression. As pumping continues, the cone of depression deepens
and enlarges, extending its influence over a circle of widening radius. The cone continues to en-
large until the recharging of ground water is balanced by the well withdrawal of water. WUhere
many wells are being pumped, their drawdgﬁﬁrcunes intersect and their effect is additive, with
the result of lowering of the water tab;éjﬂxhi1e not uniform, is felt generally over the region.

The table in the middle of Guide Sheet # 13, illustrates that the size of the recharge area
necessary for any well depends on the quantfty of water used as well as the amount of rainfall.

If you well pumps 420 gallous per minute, an area equivalent to a circle with a 2600 ft or 1/2 mile
radius is needed. Compare your requirement for water with the recharge area table on guide sheet

# 12 with the recharge area table on Guide Sheet # 12. Stop the recorder while you complete the
activity.

Whether used for private or public purpose, wells along Long Island or other salt water
bodies face a particular problem. In coastal areas where permeable rocks are in contact with
sea water, fresh water wells may yield salt water if pumped excessively. Refer to Guide Sheet
£ 13, Part C. Because the discharge of fresh ground water in the seaward direction is reduced
by inland water withdrawal, the interface between salt and fresh water moves inland. Eventually

the salt water forms a wedge between the fresh water body and the bedrock as shown on Guide Sheet

# 13. Ultimately, the salt wedge reaches the location of the wells which then becomes contaminated.

Salt water intrusion problems are common along the East and West coasts. It can be alleviated by
increased ground water flow, by increased surface water flow, and by controlling the total back-
flow of the salt water by pumoing fresh water into the aquifer between the well and the coast.

The quality of ground water helps determine base flow of streams and the availability of
drinking water. In a similar fashion, the quantity of overland flow is closely related to another
natural factor - flooding. Turn to slide # 6.

Floading occurs when rainfall or snowmelt releases more water on a drainage basin than its
sofls can absorb or its channels can conduct away without overflowing their banks. The most im-
portant cause of flooding is not the total volume of water released, but its concentration in the
drainage system in a limited time. Flooding occurs when there is too much water in one place at
cne tive,

Floods may be described 1n several ways. The heiqght of flood waters, called the "stage", is
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related to both the amount of water flowing and the topography of the valley through which the
flow must pass. For example, in relatively flat areas a small change in stage makes a large dif-
ference in the amount of land covered. Refer back to Guide Sheet # 10 to refresh you memory on
the flow rate.

From historical records of rainfall and snowmelt and from records of actual floods, scientists
can compute the probability of a flood of a certain magnitude. Larger floods are less frequent than
smallar ones. Floods thus have a probability of occurrence during any one year as shown on Guide gsﬁ-
Sheet # 14, They can therefore be described by the number of years which statistically must pass =
to have a flood of S;th a size. A 50 year flood is one which will occur, on the average, once
every fifty years or which has two chances in 100 of occurring in any single year. This form of
description is illustrated by Guide Skeet # 14, This guide sheet.graphi:aliy shows the different
levels of flooding caused by floods of different magnitudes.

Land use decisions must be concerned with small frequent floods as well as large catastrophic
floods. The 100-year flood is a major flood and on larger rivers it may bring considerable danger
to 1ife and property. HMost flood control programs are designed to protect against floods of this
size. A more frequent flood, such as thé 25-year fleod, will have lower flow rate and water levels,
and consequently, causes less damage. Smaller, but more frequent floods which slightly overflow
the stream’s banks will cause less damage, but because of their frequency, may be a repeated pro-
blem to property owners who have located their dwellings within these flood areas.

The history of Hurricanes Agnes in 1972, is an instructive example of what factors cause
severe flooding. In the Susquehanna River Basin 15-18 inches of rain fell over a five day period.

The highest 24 hour rainfall was 14 1/2 inches. In slide # 7, one can see the results of over a S. #
million cubie feet of water per second that flowed in the Susquehanna River at Harrisbu}g, Penn-
sylvania. _

Agnes caused widespread, monstrous flooding partly because rainfall was widespread and partly
because of the time of year. Agnes occurred in June instead of August or September, Because rain-
fall was widespread and because of the preceding floods, with smaller losses so early in the season,
flooding was very widesoread, and it resulted from ordinary heavy rain as well as from the more
intense centers of rainfall, The tropical storm fell upon the same land that earlier had experi-
enced heavy rainfall coming from the west. The preceding storm saturated the ground and set the
basin up for Agnes to do the finishing touches. Precipitation wasn't able to get into the ground.

Runoff factors were very high - well over 50 percent. In MNew England runoff is about half of precipi-
tation, In the Susguehanna River Basin it was running about 70 percent berause the ground was satu-
rated.

Let's now comsider how one of man's land use decisions affects this natural problem of flooding.
!EVEFyDﬂE is familiar with the advantages of a city or other urban and subufban areas, However, the

decision to live in urban centers has its impact on the natural hydrelogic cycle. Consider first the
Q
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need to pave over soil in order to make roads to and from a C%tyi the parking areas of a shﬂpp%ng
center, the shooping district af a town as in slide # 8, When you pave over the 5%§§2 vhether 5. #8
you then build on top of that or not, water that falls onto that area cannot fi1ter'£hrgugh the
soil into the ground water reservoir. The surface water is prevented from recharging the ground
water underpeath by the pavement. As a result, water that falls on pavement or buildings has
only the ootion of going through the water cycle as surface runoff. Normally half the rainfall
enters the water table while the remaining half becemes surface runoff. In a highly urbanized
area the surface runoff may range from 70 - 95% of the total rainfall. This means that there
is more of a chanee of flooding from a given amount of rainfall. Furthermore, with less recharge,
the water table may fail. Less around water means a possible Joss of well supplies and Tower
base flows in streams and rivers.

But this is often only the beginning of problems which result from peorly planned urbaniza-

tion. Rather than letting the excess runoff back up on lawns and green grass, often man decides

L
£
-

to pipe the water away as rapidly as possible. Natural channels, like the one in slide # 9,
often twist and turn or contain vegetation or rocks that slow the flow of water. But these natural
channels are sometimes "improved” by man. They are widened, strainhtened, deepened, and lined with
concrete as in the next slide, # 10, so that they carry excess water away faster to prevent flood- 5.4
ing in that area.
The ﬁurpase of channelizing streams is to decrease the flood stages by removing rﬁnaff as
rapidly as possible, There is a 1imit to the amount of improvements that can be done. Once this
Timit is réachédi the benefits end.
This sudden flush of water goes on downstream where it becomes someone else's problem. Be-
cause the natural channel downstream is not adapted to carry this large flow the natural channel
floods nead1essiy;
There are several negative points to these channel improvements. First of all, they are ef-
fective only in the stratch of "improved", and result in increased flooding downstream. They aisc
increase erosion, remove swamps and reduce the water table, and do great damage to wildlife habi-
tats. Channel improvements are also used as pork barre) projects and aften placed in areas where
a boondoggle 1s their only purpose.
If several of thase concrete lined channels empty into the same stream at about the same time,
the result is rmore water in a shorter period of time than before urbanization. The combined effect
of these two factors, impervious water surface area and more rapid drainage flow, can be shown by

G.
a change in the hydrograph for the area. Guide Sheet # 15 shows two hydrographs for the same #

=

W

size storia - ona before and one after urbanization. Following urbanization, there is a greater
total runoff shown by the area under the curve, and a higher peak flow rate for a shorter period of
time. The total affect is increased flooding, Compare the two hydragraphﬁ.in Guide Sheet 7 15,

Stop tha rocordar while you read the quide sheet,
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Urbanization interacts with flooding in another way. Land uses in flood plains have always
been subject to the hazard of periodic flooding, but with upstream urbanizatien, that hazard in-
creases. To avoid flooding, development in floodplain areas is often placed on solid fill above
expected flood levels. But this "encroachment" as it is called can magnify the chance of flood-
ing! As shown on guide sheet # 16, encroachment reduces a flood plain's natural capacity to
pass flood waters. Guide sheet # 16 i1lustrates the value aghiiaad plain as a natural buffer to
flood damage. Turn off the recorder and study guide sheet # 16. (Pause)

Encroaching development can act almost like a dam, obstructing or backing up flood waters and
raising upstream and local flood levels, This may endanger upstream structures and the encroach-
ing structures as well.

How can these flood dangers be reduced or avoided? The first step is to reduce unnecessary
impervious surface area created by roads and roofs. This will reduce excess runoff. This can be
accomplished in part by cluster or low density development. Then, rather than hurrying storm water
away, 1t should be retained on the cite in natural dEpFESSiDﬁSrEﬂéiHEEFEd basins where it ean in-
filtrate to. the ground water or be slowly released to surface streams. The more that streams can
be left in their natural condition, the more slowly will they conduct flood flows.

In the flood plain, the best policy is to avoid building in such an area in the first place.
Guide sheet # 17 1ists some of the sources of information on flood hazard areas. They can provide
maps showing areas covered by various frequency floods. Towns can zone their flood plains to per-
mit only certain uses or to require special structural precautiaqsi

Although flooding is a natural probiem that has been always present, which has been aggravated
by the more recent trend towards urbanization, no integrated program of land use control has existed
until very recently. In Connecticut, this integrated program is spearheaded by a new set of laws.
The particular types of laws and their requirements are described in the units on Local Implementa-
tion and State and Federal Implementation. It is sufficient for our purposes here to state merely
the purposes of these legal enforcement programs, They are also summarized on guide sheet # 17,
Part B. Stream channel encroachment lines prevent encroachments from being built in flood plains.
Flood plain zoning restricts the land uses of flood plains to those uses which are compatible with
the natural way a flood plain acts to reduce flooding. Flood plain insurance provides a financial
lever to insure that local communities with flooding dangers take precautions to aveid floeding.

If communities co-operate, it will enable citizens of such communities to insure themselves against
damages and injuries due to flooding., These legal pr9b1éms help to alleviate the likelihood of
f1pad%ng and its severity should it occur, but they réQuire citizen participation to be maximally
effective. That gives you a necessary role in one part of the hydrologic cycle.

Up to this pnint, we have conuidered the quantitative aspect of the hydrologie eyele, and how
1t inleracts with man's decisions concerning land use. But, it is also imoortant that the quality

of however much water is needed be anpropriate to our use. Thus, water that we drink must he cleaner
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than water we sail on. Similarly, water that we swim in must be cleaner than water we use to

carry away industrial wastes, In Connecticut, regulatory agencies classified waterways into four

(]

G.
#

grades of water quality as is shown on guide sheet # 18. S5top the recorder to review the water ’é

i

quality standards on guide“sheet # 18. In the following part of our study of water we will consider
the hydrologic eyele in terms of the quality of water, and how this quality is related to man's de-
cisions concerning use of land,

Just as Mature has its own processes which regulate how much water is available, lature has
its own processes which dirty the water and those which clean it. Even before man-made pollutants
enter the hydrologic cycle, water in the form of rain is dirtied. As it moves through the hydrolog-
1e cycle the quality of water is altered. These changes are depicted on guide sheet # 19. Follow glig
the diagram on guide sheet # 19 as we continue our discussion.

In step 1, precipitation is relatively dirt free. Once this precipitation reaches the ground,
it moves through soil and rocks - number 2. As it does so, this ground water dissolves some of the
minerals present in the soil and rocks as in numbers 3, 5, 6, 9, and 10. These minerals become dis-
solved in water so as to alter its quality. We all know that water in some places makes soap suds
easier than water from other places. This water which does not easily make suds when we soap up is
called "hard Haﬁé?b; Such water contains certain minerals which prevent or retard sudsing. Yater
which makes suds more easily is known as "soft water". Whether water is "hard" or "soft" depends
on the minerals it dissolves when it flows through the hydrologic eycle as ground water. Clearly,
the minerals dissolved depend on the type of soil and rock through which the ground water flows.
Guide sheet # 20 lists some minerals, their source, and other significances to their presence in S‘i&
water as dissolved solids. These are included for you future study or reference. Return to quide
sheet # 19,

Minerals are not the only particles water picks up on its travel in the hydrologic cycle. As
it flows over the surface as runoff and in stream beds it picks up soil particles and small bits of
organic matter as in number 2 on guide sheet # 19. These particles are called sediment. They may be
decaying plant life, in which case they add a brownish color to water. Or , they may be decaying ani-
mal matter. Depending on the type of matter these particles may also change the color of water, add
minerals to the water, and even use up some of the oxygen in the water to feed the bacteria perform-
ing the work of decomposi...n.

Nature has its own ways of ourifying water from these dirtying processes. Some of the minerals
and decaying plant and animal matter serve as food for aquatic life. Aquatic plants and animals are
thus natural cleaning agents. As streams flow towards larger bodies of water they mix air_back into
the water, especially if the stream is turbulent., This replenishes the water with cxygéﬁ it Tost
because of the bacteria decomnosing the organic matter. Once the water reaches a bigger body of
water, a pond or lake or ultimately the ocean, the quick pace of the hydrologic cycle slows down.
This provides an ooportunity for the sediment carried along in streams to separate out from the

Q Tighter weight water by dropping to the bottom of the pond, Take or ocean. MHere gravity pulls
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down the heavier material, thus leaving the water on the werface much clearer. The final

natural purification step occurs when water from the clearer :..rface evaporates into the air as

in # 7 on guide sheet # 19. Since water becomes gaseous - in the form of water vapor - under condi-
tions different from the minerals and other materials it carries, when water evaporates it leaves
behind its impurities., Water vapor is the purest water in nature, and that is why the hydrologic
begins with pure water when rainfall from that water vapor falls to the earth.

When man uses land in his various ways, he influences the hydrolegic cycles awn quality control
by adding to the natural pollutants and retarding nature's own cleansing processes, Ye will now
consider how man's use of land can overload the natural system by discussing some specific examples.

For example, consider what happens when man cuts trees from his forests. Yhile timber is growing
forests reduce fhe syrface runoff by intercepting the surface flow, by "drinking” up ground water so
that the trees can grow, and by evapotranspiration. When timber is cut, the surface runoff increases
in quantity and in speed. This causes greater soil erosion than when trees are left standing. This
in turn causes water to be dirtied by sediment, The surface runoff also contains less oxygen, be-
cause there are no trees to shade the surface water from the heat of the sun and hotter water holds
Tess oxygen. - i

Using land for agricultural purposes has its hazards for the quality of water in the hydrologic
cycle also. Cu]tivaied land is subject to the same problems of erosion as forested lands. In ad-
dition, however, the fertilizers and pesticides used to help generate good crop yield present their
own difficulties. These materials are carried into the ground water flow by rainfall which corbines
with them and then infiltrates the soil. Pesticides in the hydrologic cycle can attack unintended
targets and kill off important and beneficial organisms, Fertilizers may aid the growth of Tiving
things in the aquatic environment by stimulating algae growth. But, it may ultimately be destructive
because it disrupts the natural ecological balances of the body of vater. For example, if fertilizers
cause algae to grow in great spurts, these algae may endanger other aquatic life by taking too much
of the oxygen in the immediate environment. When the nitrate rich fertilizers are used and the

fields drain into public water supply, water may become undrinkable because high concentrations of

For example, animal excrement in pastures, may also be carried into the hydrologic cycle by rain which
combines with or carries along the waste into streams or ponds. Animal wastes also contain a high
amount of nitrates, and where such wastes are concentrated in a small area such as a feed pen,

they pose a substantial threat to the potability of water,

The land use with the greatest deleterious impact on water quality by a substantial margin is
industrialization. We are now going to consider the many and various ways in which urbanization in-
fluences water quality. It is helpful in such consideration to identify two different tynes of in-
fluences. Sources of pollutants which can be clearly and distinctly identified are called point

sources. Sewage treatment plants, industrial discharge, and sanitary landfill are examples of
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point source pollution, Séurces é? pollutants which cannot be so easily identified are called
“non-point sources”., Examples of such sources are sediment from erosion, street runoff, and
septic tank effluent.

Turn to slide # 11.

Let's look first at pollution by point sources. Municipal sewage treatment plants generate
several kinds of pollutants, dependina on what chemicals are used to treat the sewage. In any
case, organic wastes are put out into the hydrolagic cycle. These organic wastes are broken
down and purified by aquatic organisms. Organic wastes have a high biochemical oxygen demand
(BOD). This means that the bacteria which decompose and purify these wastes use a great deal
of oxygen to perform their natural function. Large concentrations of such wastes overload the
natural balance of the system. If the bacteria get the oxygen they need, this reduces the
oxygen available for other organisms. If the other organisms take the oxygen then the effici-
ency of the bacteria is reduced. This delays the purification of the wastes which thus pro-
tongs the pollution that occurs. This pollution by organic wastes is often only a part of the
pollution by sewage treatment plants. When communities combine storm sewers whiéﬁ collect storm
water from their streams with their sewage treatment plants, other pollution occurs. The oil
and dissolved heavy metals which are cdllected by storm runoff are often not effectively treated
by the sewage treatment, or even when they can be adequately treated they may occur in too high
a concentration. Or, the combined quantity of sewage and storm water may be too much for the
plants capacity. In any of these situations, the pollution problems of the sewage are compounded
and there is additional pollution from the oil and heavy meta1séwhich cannot be adequately sepa-
rated from the water the olant releases.

Sewage treatment plants generally dispose of their final products in streams or rivers. This
means that the actual polluting imzact of the treatment plant depends in part on the size and
speed of flow of the receiving stream or river. The larger the river the more able it is to di-
lute the pollution it receives to a lower concentration. Pollutants at a lower cancentration
can then be removed by natural processes. For this reason it is important to preserve the base
level of stream flows by assuring adequate ground water recharge.

Industrial discharge causes problems similar to sewage treatment plants. The most perva-
sive difference is that industrial wastes may be composed of a varied and complex mixture of
pollutants. The type of pollutants these discharges put into the hydrologic cycle depend on
the particular industry. Some of the by-products of the industrial processes may have a higher
toxicity than natural wastes. Since toxic industrial discharges are emotied into bodies of water
this means that industrial wastes may pese an even greater threat to water quality than sewage
treatment waste.

Heat may be a particular pollutant of an industrial discharge plant, as of generating or
power stations as well. Hater that carries away heat is warmed. Warm water can hold less dis-

solved oxygen. Thus, water with a Tower dissolved oxygen content is Tess able to maintain the
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organisms that are needed for the natural purification process. Indirectly, heat in water

causes a decrease in water quality.

On guide sheet # 21 there is an illustration that will help explain the connection between
a sanitary land fill and water quality. Sanitary landfills are more of a danger to the quaiity.
of ground water than of surface runoff or of stream water. In a sanitary landfill, waste is placed
on top of land. After a rainstorm, water passes to the ground through this waste. The water picks
up and dissolves some of this waste. As with water which has dissolved pesticides, fertilizers., or
other minerals; these wastes, called Teachate, then infiltrate the ground water. These infiltrated
pollutants may then reach the ground water from which a well draws its water. This situation is
shown in guide sheet # 21. The severity of this pollution depends on the depth of the water table
below the Tandfill, the permeability of the soil and the contents of the landfill. The deeper
the water table and the less permeable the zone of aeration, the more opportunity there is for the
water to be naturally pruified before it reaches the water table from which wells draw their water.
The more toxic the landfill contents the more purifying activity that must take place in order to
maintain the high quality of water.

Such groundwater pollution is a particularly vexatious problem, because it may take years
for this pollution to show up and be traced to its source. By this time the pollution has spread
far beyond its source and may thérefafe be difficult to alleviate in all its instances. Further-
more, be;uase the aquifer has been thoroughly palluted for a period of years it can be years a-
gain until the aquifer is purified naturally and therefore usable again.

These problems can be avoided by proper selection of a 1andfill site in conjunction with
test wells to monitor the quality of the ground water. Obviously, the 1§ndf11175EDu1d not be
placed above important aquife?ﬁ. For further discussion of the siting of sanitary Tandfills
refer to the Synthesis - Buildability 2 7 unit,

Yet another potential source of pollution of ground water supplies is from highways and
streets, through spillage of contaminants and from de-icing salt applied during the winter
months. Spfiﬁage of large volumes of liquids from tank trucks as a:resu1t of traffic accidents
poses a serious threat because a large slug of contaminant can be injected into ground water
recharge systems, Leakage of fuels from underground storage tanks, used in all filling stations
is a related source of possible centamination.
instituted programs to prevent more pollution by these sources. A comprehensive treatment of
such programs is given in the units concerning State and Federal Implementation. It can be men-
tioned here, however, that the basic thrust of federal legislation is to require individuals,
business or corporations in charge of point source polluters to obtain a permit to engage in
their operation, Since there are requirements which must be met to get a permit, the Federal

government 1n conjunction with the State government is then in a position to requlate the pollut-

Ing capacity of these point-source pollutors.
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Mon point sources of pollution are no Tess common, buttthey are more difficult to identify and
therefore rore difficult to control than point source pollutors. Take for examnle, the everyday
street runoff after a rain. In an area without storm sewers, the water which falls on streets
runs off inte drains and ditches, which take the water to a nearby stfeam( Since this rain picks
up the oil; grease, dirt, salt, organic matter and even small bits of heavy metals that 1ie on most
streets, these pollutants are also led to the nearby stream in the storm water runoff. They are
not treated atg;11 before they get into the hydrologic cycle, so it takes more natural energy to
neutralize their deleterious effect on the quality of water. If the drains and ditches lead to

a low spot of ground instead of a stream, then these pollutants infiltrate the soil along with the
water. The suspended pollutants - oil, dirt, organic matter - may be removed as the water passes
downward, but dissolved pollutants like chlorides from road salt reach the ground water. As
stated above, pollutsd ground water poses a particularly vexatious problem,

Septic systems and leaky sewer ﬁipes are a common non-point source pollutor. If you are
not familiar with how a septic system works, refer to the Geosystems unit which gives a full

description of the operation of septic systems, A diagram of a septic system is presented on

R 0

quide sheet # 22. The basic operation depends ubon absorption of the wastes by soil. Vhere
the permeability of the soil is less than adequate, or the land slopes rore than 15% or the
maximum water level is less than 18 inches below the tile field, or the absorption fields are
within approximately 50 feet of a stream, or there is not a sufficient denth of soil before
rock is reached (about 4 feet with average soil) pollution results. In these cases, the soil
is not able to properly filter out the bacteria, nitrates, ohosphates and other organic wastes
before the overflow from the tank reacheé the ground water or a stream. The hydrologic cycle
then receives water of low quality at these points. In places where the water table rises sub-
stantially during the wet season, or where the soil has a very stow absorption rate, the over-
flow can surface on tap of the soil., This not only swells bad, but it also attracts flies and
insects which breed disease. Uater flowing over the surface or leaching the pollutants back
into the ground then becorme a more hazardous source of pellution.

Erosion is a problem which is not often thought of as affecting the hydrologic cycle. tore
often it is thought to be caused by flooding or heavy runoff, which carries soil from exoosed
and unprotected areas to be taken away by the rushing water. Uhile it is true that water causes
erosion, the other side of the relation between erosion and the kxdrologic cycle is that erosion
seriously threatens the guality of water in the cycle. Guide sheat # ES 1i§ts this and other g
effects of erasion and the sediment which results from it upon the WatEF;EYE1é and its related
aspect.

let's consider how erosion occurs and how it causes these effects. The construction in

s1ide # 12 shows a common practice of clearing vegetation from the site by extensive grading, 5.
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cutting and filling. This lack of vegetation leaves the 5011 bare so that rain or surface run-

off can break soil particles loose from others. These separated particles are then carried off

by the surface flow, leaving behind a weakened soil surface. lot only does vegetation protect and
hold the so0il together, it also takes up some of the rain or surface runoff for its own growth

This reduces both the volume and soread of the surface flow, thus making it more difficult for the
water to dislodge the soil particles. Cut, when soil particles are dislodged and carried along,
the sediement eventually muddies or dirties a nearby stream or body of water.

The amount of erosion that occurs deperids on many factors - the size of area cleared, the
steepness of the slope, the porosity of the soil, and the intensity of the rainfall or surface
flow,

The amount of pollution that such erosion produces will depend then on whether this sediment
carried by the surface flow reaches a stream or water body., If the cleared area is below a water
course, or 1f vegetation exists on land bordering the cleared area which is enough te interfers
with or slow the flow of sediment, the water course Will not receive the pollution. However, re-
member that once erosion in one area begins, it tends to expand. Each bit of erosion weakens the
soil that is Teft and thus makes erosion more probable in the future. When an area is severely
eroded the surface water flow meets little resistance so its velocity increases as in slide # 13. g 4
A previously vegetated area next to a highly eroded area may thus become a potential target for
erosion if the eroding waters rush across it with strong force.

The basic way to orevent the harmful effects of sediment upon the water cycle is to
avaid erpsion. Here then is an example where water quality can be maintained by controlling
another aspect of the hydrologic cycle. If water is diverted from flowing over steep and
cleared areas, and if large land clearance s avoided or minimized as is possible and revegeta-
tion is accomplished as quickly as possible, less erosion will occur., “here these things can-
not be done, the effects of erosion that does occur can be minimized by slowing the flow of sur-
face runoff carrying sediment and by trapping sediment, This is accomnlished by planting and
maintaining borders of veqetation along stream beds, by graded terraces along a slope, or even
by sediment basins.

Each plan must include a program to requlate the "location, modification and construction
of any facilities” (emphasis added) within the planning area which may result in the discharge
of any é?F1uent in the area." The term "facilities" is not defined in the Taw, but this pro-
vision appears to require a land-use regulation program for all point-source development within
the planning area. It also-requires control over the construction process; hence, it must regu-
late the non-point vollution sterming from construction of point sources,

It 1s the intent of this section to identify various methods of land use control which the
local governments and the management agency of the 208 program can utilize to control pollution.

This will enable the area to make tradeoffs between structural solutions (e.g., treatment facilities)

Q ) o i o
ERIC to pollution prohlems and nonstructural solutions such as land use, thus increasing flexibility
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in the choice of methods used to achieve water guality standards. The 208 planning process
seeks to balance all measures of nollution control in such a manner as to achieve the best
mix of all measures as determined by direct cost, environmental, social and economic considera-
tions.

In essance, Section 208 of the Federal Water Pollution Control Act requires basin areas
to plan in advance for new and existing water nollution created or fostered by existing or
planned land uses. This program has only recently bedun to be imnlemented but has the potential
of being an effective tool in the land use decision making process.

Planning to prevent water pollution can have unexpected side effects on land use. The
Federal government, throught the EPA, has financed many miles of interceoter sewer constructions
in hooes of alleviating water pollution fr@m sewerage. A recent executive branch report con-
cluded, " However, this is not to sayifﬁéﬁmihe building of interceptors has no influence on
heusing develooment patterns. The availability of sewers is an incentive to development, and
the routing, sizing and timina of new intercentor construction can be a valuable tool for guiding
residential land use as nart of a comprehensive master plan. But in order for this to be effective
land use and sewer planning must be more effectively coordinated than they are at present. If the
federal government wishes to encourase careful land use planning and control at a local level, it
can begin by evaluating thEXtenttD which the current design.review and anoroval procass for federally
financed intercentors takes into account the land use implications of sewer construction.”

In addition, the study concluded that municinalities were building unnecessarily large and
extensive sewer nrojects in resnonse to local develobment nressure. Interceotor lines are
sized with tremendous excess capacity and desiqned to serve the u?timatg, highest density
population anticipated for large service areas containing large tracts of vacant, developable
Tland. The reoort raised the question - Does such sewer construction make Tand use and noobula-
tion projection self-fulfilling? (Pause - quiet)

Before concluding the hydrosystem unit, consideration of the hydrosystem in direct rela-
tion to land use decisions is in order. Turn to slide # 14. The slide of the for sale sign
in a Flooded area may evoke a smile to some but to others water is a serious problem in rela-
tion to their land uses. Problems can vary from lack of fresh water in a well, to contaminated
ground water, to flooding or to inoperative sentic systems. The hydrosystem is an imoortant
aspect of land use decision making.

To summarize the imnlications of the hydrosystem on land use decision making, an outline

has baen prenared on quide sheet #24 eontaining imnortant hydrosystem considerations. The out- #'24

Tine explains the rationale for each consideration as well as indicating the need for nrotec-
tion, the existence of requlations, and the notential for higher develonment costs. It will he
useful to refer back to the outline as you are synthesizing the considerations from other units

to make your land use decision.
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It is now time to conclude this unit on hydroloay. In doing so, let's look in a more
general way at the erosion we have just learned about. Eragign and sedimentation are caused
by the guantitative aspect of the hydrologic cvcle as it interacts with particular land uses.
During the building of urban dwellings or commercial buildings, land is used in such a way to
make 1t vulnerable to uncontrolled natural water flow. The consequence of this vulnerability
1s erosion and sedirmentation, which has hamful effects of hoth the land and the quality of
water in the hydrologic cycle. there man injects himself into the hydrolegic cycle by his land
use decision he must responsibly confront the effects of his intervention. Barry Commoner's
fourth law, states this more concretely: ‘"There's no such thing as a free lunch." Thus if
he desires to keep his water clean for drinking, swimmning and even boating, man must control
his intervention and also learn how to act sympathetically with the natural hydrolagic cycle,
In the case of preventing erosion and sedimentation at urban construction sites, this means
not building on vulnerable sites, not clearing away more vegetation than is absolutely neces-
sary, replacing the vegetation he termorarily removes and making extra artifical structures
sych as drainage ditches and sediment basins in order to support weakened natural resistance
to erosion, .

Where man puts stress on natural processes, he must support those processes during the
time of his intervention. What man takes from nature he ultimately rust put back, even if in
another form

This concludes the hydrology unit. Thank you for following the flow of water as it passes

through the hydrologic cycle,
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